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SUMMARY OF DESIGN AND BLADE-ELEMENT PERFORMANCE DATA 
FOR 12 AXIAL-FLOW PUMP ROTOR CONFIGURATIONS 

by Max J. Miller,* Theodore H. Okiishi^ George K. Serovy,* 

Donald M. Sandercock, and Werner R. Britsch 

Lewis Research Center 
SUMMARY 

During the period 1958-70 a comprehensive program of research on pumps for 
liquid-propellant rocket systems was carried on and supported by the National Aero- 
nautics and Space Administration through the Lewis Research Center. One important 
phase of the research on axial-flow pumps was an extensive investigation of rotor blade 
row configurations operating in water. A carefully selected and evaluated collection of 
noncavitating blade-element performance data for 12 of these axial-flow pump rotor con- 
figurations is presented. Rotor design philosophy, test apparatus and procedure, and 
data reduction and evaluation are discussed. 

All but one of the rotor configurations considered were composed of double- 
circular-arc blade sections and were designed for high inlet relative flow angles. Hub- 
tip radius ratios ranged from 0. 40 to 0. 90. 

This information should be useful for analysis and design purposes - not only for 
pumps, but also for axial- flow compressors and blowers. Except for the generally 
higher level of pump rotor blade chord Reynolds numbers involved, the flow conditions 
associated with the present pump rotor data are quite similar to those existing in the 
rear stages of industrial multistage axial-flow compressors and in fan and blower con- 
figurations with high hub-tip ratios. 

To facilitate handling the large volume of experimental data presented, a data stor- 
age and recall computer program was developed. A listing and description of the pro- 
gram and detailed information concerning its use are presented. Other possible uses for 
the program are also suggested. 

^Research Associate, Iowa State University, Ames, Iowa. 

t Associate Professor of Mechanical Engineering, Iowa State University, Ames, Iowa. 

T Professor of Mechanical Engineering, Iowa State University, Ames, Iowa. 



INTRODUCTION 


•V. ». • r . .. 

Daring the period 1958-70 a comprehensive program of research on pumps for 
liquid- propellant rocket systems was carried on and supported by the National Aero- 

* ‘ A 

nautics and Space Administration through the Lewis Research Center. The program in- 
cluded numerous projects involving the fluid mechanics of inducers and centrifugal and 
axial-flow pump configurations. 

One important phase of the research on axial-flow pumps was extensive experimen- 
tal investigation of rotor blade rows operating in water. Several features of these stud- 
ies justify careful consideration of the results. First, a wide range of rotor geometries 
was utilized and consistent design techniques were used. Second, experimental facilities 
were planned, constructed, and operated so that the effects of extraneous and random 
variables could be eliminated or minimized. Both overall performance and radial dis- 
tributions of fluid properties and velocities at inlet and exit measuring stations were 
measured. The results are believed to be the most complete, if not the only available, 
collection of detailed experimental performance data of axial-flow pump blade rows. 

From 1960 to the present the NASA Lewis Research Center has supported at Iowa 
State University a research program concerned with prediction of the performance of 
axial-flow pumps by blade-element methods. Development of these methods has depended 
on correlation of experimental data from the various NASA studies. 

To support this work, a computer-based storage and recall system for experimental 
axial-flow pump data has been developed. The system is structured so that rotor and 

l . ■ ■ 

stage geometric parameters and basic fluid property measurements can be retrieved 
rapidly and used in the computation of currently recognized, as well as newly proposed, 
hydrodynamic and geometric parameters. 

The major objective of this report is to present a carefully selected and evaluated 
collection of data for 12 axial-flow pump rotor configurations. In addition, the report 
includes a discussion of the test facilities in which the data were obtained, information 
about rotor design procedures, and an evaluation of the results. Noncavitating data only 
are presented, but it is noted that some cavitation data for included rotors are given in 
references 1 to 6. All but one of the data sets included are for rotors having double- 
circular-arc blade-section geometries on cylindrical surfaces. The rotor geometries 
are characterized by high inlet relative flow angles. 

A secondary objective of this report is to describe and demonstrate the utility of the 
data storage and recall system. The 12 rotor data sets have been placed in the proper 
format for entry into the system, and it has been used to prepare the detailed data tabu- 
lations presented herein. Data of questionable validity were eliminated wherever pos- 
sible. 
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ROTOR DESIGN INFORMATION 


The 12 rotor configurations were part of a systematic study to show the effects of 
design parameters such as blade loading, flow coefficient, radius ratio, tip clearance, 
and energy addition distribution on the performance of a class of rotor geometry. This 
class is composed of high-inlet-relative-flow-angle, high- head- rise blade rows opera- 
ting in an annulus having constant-diameter hub and casing surfaces. 


Design Procedure 

A two-part design procedure based on the blade-element method given in reference 7 
was used. A detailed description of this procedure as applied to pump rotor design is 
given in reference 3. In the first part of the procedure, velocity diagrams were calcu- 
lated at the blade-row entrance and exit stations, assuming axisymmetric flow and cylin- 
drical stream surfaces. A computer program which performs the velocity diagram cal- 
culations is presented in reference 8. The second part of the design procedure con- 
sisted of selecting blade sections on the assumed cylindrical stream surfaces to produce 
the desired exit velocity diagrams and stacking the sections to form a blade. The stack- 
ing procedure can be carried out by using the computer program of reference 9. A 
typical blade formed from stacked sections is shown in the blade fabrication drawing of 
figure 1. 

The choice of design parameters for the different blade rows in a multistage pump 
usually depends on the changing values of flow conditions (particularly pressure) through 
the pump. The first rotor in a multistage pump is often an inducer which has a low 
design flow coefficient <p, a low radius ratio r^/r^., and low blade loading to enhance 
cavitation performance. (All symbols are defined in appendix A. ) Deeper in the pump, 
where the pressure is high enough to preclude cavitation, considerations of high head 
rise per stage dominate design decisions. Thus, it is desirable to raise 7p as much as 
possible because, as shown by examples presented in references 3 and 10, for a given 
blade loading (as measured by D- factor), energy addition increases as Ip is increased 
and this leads to higher head rise per stage. In a multistage pump having a constant tip 
diameter, the 7p for downstream stages is increased by increasing r h /r t . This leads 
to short blades which impose a practical limit on the maximum value of Ip, depending on 
the scale of the pump. The blade loading of middle and rear stages is limited by hydro- 
dynamic considerations other than cavitation; and accordingly, loading may be consider- 
ably higher for these stages than for inlet staiges. 
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fabrication drawing. 






Overall Design Features 

The overall design features of the 12 rotor configurations, which are summarized 
in the following table, were chosen to be representative of rotors in a multistage pump: 


Config- Radius Average Average * Energy Blade Blade Number Radial tip Reference 


uration ratio, ideal ideal 


addition 


tip chord, of clearance, 


r./r, flow headrise distribution diffusion in,, blades, 


coeffi- coeffi- 
cient, cient, 


factor, 


02 0.4 0.293 0.161 Approximately 0.24 1.50 16 0.013 to 0.020 None 

radially 

constant 

07 .7 .294 .294 Radially .43 1.52 19 0.005 to 0.012 1,2 

constant 

09 .7 .294 Approximately 3.04 8 0.013 to 0.020 None 

radially j 

constant 


8 0.013 to 0.020 None 


.5 .8 .466 0.460 Increasing hub 0.66 1.50 19' 0.015 to 0.017 3,4, 

to tip 

6 1.50 0.025 to 0.027 None 

8 .833 0.007 to 0.009 

9 . 833 0.015 to 0.017 

10 I .833 0.022 to 0.024 

13A .85 .500 .7225 Radially .72 1.17 33 0.009 to 0.011 

constant 

14A .9 .700 .645 Radially .63 1.50 19 O' 009' to 0. 011 5 

constant * - 

15 . 8 .466 .393 Increasing hub .56 1. 50 19 0.009 to 0.010 6 

to tip 


16 .85 .500 .7225 Radially 

constant 


.72 1. 17 33 0. 009 to 0. 01 1 None 


^Configurations 8, 9, and 10 have a 5^in. tip diameter. All other configurations have a 9-in. tip diameter. 


Configuration 02 was intended to be typical of a transition rotor which would follow im- 
mediately downstream of an inducer stage. The other 11 configurations are typical 
middle- and rear-stage rotors. To avoid confusion, note that configurations 09 and 9 are 
different geometries. 

Features common to all configurations include constant- diameter annulus surfaces, 
double- circular- arc blade sections (except configuration 16), and 9-inch outer-annulus 
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surface diameter (except configurations 8, 9, and 10, which had a 5-in. diameter). Tip 
clearance was obtained by grinding the required amount from the blade tips. 

Certain subsets of the rotor configurations have identifiable common features: 

(1) Configuration 09 was derived from the configuration 07 design by doubling the 
chord length and reducing the number of blades from 19 to 8. 

(2) Configurations 5 and 6 are 9- inch- diameter rotors which differ only in the value 
of tip clearance. 

(3) Likewise, configurations 8, 9, and 10 (which are 5/9 scale models of configura- 
tion 5) differ from one another only in the values of tip clearance. . , > 

(4) Configurations 13A and 16 have the same blade angles; but 13A has double- 
circular-arc blade sections, while configuration 16 has arbitrary blade profiles. 1 

(5) Configurations 02, 07, 5, 14A, and 15 are similar designs which demonstrate the 
effects of increasing blade- loading and flow coefficient. 


Blade-Element Design Features 

Blade- element procedures were used to obtain the local values of velocity diagram 
and rotor blade geometric parameters, as previously mentioned. Special features apply- 
ing to specific configurations are given in this section. For additional information the 
references in table I should be consulted. Radial distributions of velocity diagram and 
blade geometry parameters are summarized in tables n and m. Blade parameters are 
illustrated in figure 2 and defined in appendix A. 

Configuration 02 was derived from the rotor described in reference 11 by reducing 
the number of blades from 19 to 16. The design parameters given for configuration 02 in 
tables IT and III were reconstructed to reflect the reduced solidity. By using the proce- 
dure of reference 12, an ideal flow coefficient <jp. value was selected for optimum cavi- • 
tation performance. Inlet relative flow angles and solidities outside the ranges given in , 
the correlations of design incidence angle and deviation angles presented in reference 7 
required extrapolation for this configuration. Designers should note that water-cascade 
data for double-circular-arc blade sections are now available for high blade setting 
angles (ref. 13). 

The same <p. used for configuration 02 was retained for configuration 07. Extrapo- 
lations of reference 7 correlations were required in computation of some incidence and 
deviation angles. No hydrodynamic design was carried out for configuration 09 since it 
was derived directly from configuration 07 by doubling the chord and reducing the number 
of blades from 19 to 8. For this reason, no design information is presented in tables n 
and III. 

In the design of configurations 5, 6, 8, 9, and 10, a higher and an increasing 
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energy addition from hub to tip were used to reduce gradients of exit flow coefficient cp^ 
and head-rise coefficient Incidence and deviation angle data could be obtained directly 
from reference 7 without extrapolation. 

The velocity diagrams for configuration 16 were computed by assuming zero inlet 
tangential velocity and radially constant values of inlet flow coefficient <p j, ideal head- 
rise coefficient i/'p and efficiency 77 . These assumptions resulted in a radially constant * 
exit flow coefficient ipg. Specific values of efficiency or loss could not be assigned be- 
cause an arbitrary blade profile having unknown loss characteristics was specified. The • 
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Figure 3. - Detailed description of hub and tip blade sections used for configuration 16. 
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blade mean camber line, the pressure surface, and the suction surface were described 
by third-order polynomials, as shown in figure 3. The particular polynomials selected 
were such that the flow area between adjacent blade sections in the cascade increased 
uniformly from the leading edge to the trailing edge. Blade profiles were developed in 
this way on the hub and tip stream surfaces and stacked on a radial line through their 
■centers of area. The remainder of the blade was defined by passing straight lines through 
points on the hub and tip profiles at equal percentages of the distance along the profile 
from the leading edge to the trailing edge. Incidence angles were arbitrarily chosen so 
that at the off-design flow coefficient of 0. 35 the incidence angles would be zero. Carter's 
rule was used to estimate deviation angles. 

Configuration 13A was obtained by substituting double- circular-arc blade sections, 
having the same leading- and trai ling-edge blade angles, for the arbitrary blade profiles 
of configuration 16. Identical chord lengths but different mean- camber- line shapes re- 
sulted in blade- setting- angle values which differ for the two configurations (table III). 

Because of the relatively short span (0. 45 in. ) of configuration 14A, three- 
dimensional flows were expected to affect the losses over a significant fraction of the 
span. However, since no procedure was available to estimate such losses, a radially 
constant c o of 0. 125 was chosen. 

APPARATUS AND PROCEDURE 

Performance tests of all 12 rotor configurations were carried out in the Lewis water 
tunnel. A photograph and a schematic diagram of the water tunnel are shown in figures 4 
and 5, and a description of the facility is given in reference 11. Schematics of typical 
pump-inlet flow paths and test sections are shown in figure 6. Before each test series, 
the water in the loop was conditioned by reducing the gas content to approximately 1 part 
per million by weight and by circulating the water through a filter capable of removing 
solid particles larger than 5 micrometers. During tests, the gas content was maintained 
below 3 parts per million by weight. For tests of a given configuration, water tempera- 
ture was held within a few degrees of a constant value. The water temperature was 
slightly different for each configuration; but for all configurations, nominal water- 
temperature values were in the range 65° to 85° F. 

Noncavitating performance characteristics were obtained by maintaining the inlet 
pressure and rotative speed constant while varying flow rate. Maximum-flow operating 
points were established by the water-tunnel pressure losses with the throttling valve 
wide open. Each minimum-flow operating point (except for configuration 02) was set, at 
the discretion of the operator, close to a stalled condition made apparent through vibra- 
tions and noise in the test apparatus. At each selected flow rate the radial distributions 
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Figure 4. - Lewis water tunnel. 
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Venturi meter 



Figure 5. - Schematic diagram of Lewis water tunnel. (Dimensions are in inches. ) 


of flow conditions were surveyed at measuring stations no more than 1 chord length from 
the blade leading and trailing edges. Measurements of total pressure, static pressure, 
and flow angle were recorded at five or seven radial locations, which always included 
positions approximately 10, 30, 50, 70, and 90 percent of the passage height from the 
annulus outer surface. Blade elements were assumed to lie on cylindrical surfaces at 
these radial positions. Sketches showing details of typical survey probes are given in 
figure 7. All probes were automatically alined with the flow direction by means of a null 
pressure balance system. Static-pressure probes were calibrated in a low-speed air 
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tunnel. A typical calibration curve is shown in figure 8. The inlet plenum pressure was 
measured by using a wall static tap. Additional test instrumentation included a venturi 
meter, a water -temperature recording system, and a rotor-shaft-speed pickup used in 
conjunction with an electronic counter. 


DATA PRESENTATION 

The overall performance characteristics of the 12 pump rotors are summarized in 
figure 9 and table IV. (The headings of table IV are explained in appendix B. ) For com- 
parison, design operating-point values adjusted for boundary- layer blockage are indicated 
as solid symbols in figure 9. The data are presented in figure 9 in terms of the rotor 
subsets mentioned earlier. Starting with the configuration 07 design, doubling the chord 
length, and reducing the number of blades from 19 to 8 resulted in the 09 configuration. 
Data for these 9-inch-tip-diameter rotors are compared in figure 9(a). Rotor configura- 
tions 5 and 6, identical 9- inch- diameter rotors except for tip clearance, are compared 
in figure 9(b). Configurations 8, 9, and 10, identical 5-inch-diameter rotors except for 
tip clearance, form the comparison of figure 9(c). The basic rotor of configurations 8, 

9, and 10 is a geometrically scaled 5/9 version of the basic rotor of configurations 5 
and 6. The geometrically similar tip clearances of configurations 5 and 8 were scaled 
in the same ratio (5/9) as the rotor diameters. Data for these rotors are shown in fig- 
ure 9(d). The tip clearances of configurations 5 and 9 are identical, and d at a for these 
rotors are compared in figure 9(e). Rotor configurations 13A and 16 have identical blade 
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angles; however, configuration 13A was composed of double-circular-arc blade sections, 
while configuration 16 involved arbitrary (see fig. 3) blade sections. Data for these 
rotors are shown in figure 9(f). The configurations of figure 9(g), namely, 02, 07, 5, 

14A, and 15, demonstrate the effects of increasing blade loading and design flow coeffi- 
cient. 

The blade-element data for the 12 rotors are presented in tables V to XVI. The 
table headings are explained in appendix B. The data- reduction computer program is 
discussed in the section DATA STORAGE AND RECALL PROGRAM, and a listing of the 
program is presented in appendix C. 

The input data (see appendixes D and E) were available directly from NASA data- 
reduction computer output and were used as received, except as noted here. Since 
straightening tubes (fig. 5) and a converging passage (fig. 6) were used upstream of the 
test section, the entering absolute fluid flow angle was interpreted as being zero degrees 
even though very small angles were indicated in the NASA computer, output. It was felt 
that this interpretation was well within the experimental precision involved. As explained 
in detail in the section DATA QUALITY EVALUATION, the as-measured data associated 
with rotor configurations 13 and 14 required significant adjustment. In order to permit 
calculation of approximate blade-chord Reynolds numbers, an average value of 9. 28x10 ® 
ft^/sec (water at 80° F) was used for kinematic viscosity for all runs. 

Two unusual features of the data deserve mention. First, at the lowest flow rate 
associated with the configuration 02 data, a nearly zero outlet axial velocity is indicated "" 
near the annulus inner surface (hub). This suggests a reversed-flow region, as noted in 
reference 11 for the 19-bladed version of this rotor. Secondly, the tests of configura- 
tions 8, 9, and 10 involved a significantly nonuniform inlet total-head profile that prob- 
ably resulted from the abruptly converging passage upstream of the test section (fig. . 
6(b)). This nonaniform profile must be considered thoroughly before any conclusions 
about the effects of scale are drawn on the basis of comparing the data of configurations 5 
and 6 with those of configurations 8, 9, and 10. 


DATA QUALITY EVALUATION . . < 

/ ' 1 • • . . . . 

Data for four of the configurations have been published previously (refs. 1 to 6) . 
Comments regarding the validity and consistency of those data are included in the cited 
references. A limited evaluation of the data of all 12 configurations is given here for 
completeness. This evaluation should be supplemented by a thorough scrutiny and cri- 
tical study of the data by the user in every application. A detailed description of adjust- 
ments to original measurements for. configurations 13A and 14A are included. . 

The general proce du re for evalu ating the data was » 

(1) To examine the comparisons of integrated flow rate and venturi flow rate 
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(2) To note occurrence of negative loss coefficients 

(3) To scan the data for abnormal flow conditions 

Integrated-flow-rate comparisons are included in the summary listing for each con- 
figuration in table IV. Flow-rate comparisons within the limits of ±2 percent at the 
entrance station and ±4 percent at the exit station are generally considered acceptable. 

As the flow-rate comparisons depart from the acceptable range the chances of significant 
discrepancies in the data increase. Hence, data corresponding to unacceptable 
integrated-flow-rate comparisons should be examined carefully before use, and caution 
should be exercised in the interpretation of subsequent results obtained. 

For rotor configurations having essentially constant inlet total-head profiles and 
zero prewhirl, negative values of loss coefficient are considered to indicate some incon- 
sistency in the measurements. (Of course, positive loss coefficients alone are not neces- 
sarily a sign of consistent data.) Negative loss coefficients in varying numbers appear in 
the data for every configuration except 07, 13A, and 16.. In most instances the negative 
values are very close to zero, indicating that very low positive loss coefficients probably 
existed. In the cases of configurations 8, 9, TO, and 14A, some caution must be used in 
the interpretation of negative loss coefficients since a significantly nonuniform inlet total- 
head profile existed. 'When is nonuniform, discrepancies between the real stream 
surfaces and those assumed for testing and data-reduction purposes may lead to compu- 
tation of negative loss coefficients. If radial flow shifts occur such that the real stream 
surface! at a given exit radius originates in a region of higher Hj than was assumed, the 
measured actual head rise will be too high. The resulting loss coefficients will be too 
low, possibly even negative. This problem does not arise when Hj is uniform and pre- 
whirl is zero. 

The data presented in tables XIII and XIV for configurations 13A and 14A contain 
values of inlet total head Hj which have been adjusted from the as-measured values. 

Full details on the analysis leading to these adjustments are presented in reference 14 
and are summarized here for completeness. The as-measured values of for con- 
figuration 13A were quite irregular in profile and unrealistically lower than the total head 
in the upstream plenum. Large discrepancies between the venturi- measured flow rate 
and the flow rate obtained by integrating the inlet axial velocities further indicated incon- 
sistencies, as did a number of negative loss coefficients. All these indicated incon- 
sistencies were significantly reduced by the use of a constant profile of H. equal to the 
upstream plenum value. 

- : 1 , ■ i s • f 

A similar situation existed for configuration 14A data. Because of the proximity of 
the annulus surfaces to the hub and tip measuring stations for this configuration, replace 1 - 

- ' ' I ’ f . • ■ 

ment of all survey inlet total- head values by the upstream plenum total head was not con- 
sidered appropriate. A preliminary adjustment was made by assuming the maximum 
value of inlet total head at each radial position to apply for that radiaL position at all flow 
rates. Again, all indicated inconsistencies were reduced by this adjustment. 
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DATA STORAGE AND RECALL PROGRAM 


A computer program was written to read, reduce, and systematically store and 
print data as indicated by the general flow diagram of figure 10. The instructions are 
listed in FORTRAN IV on pages 34-40 of appendix C. In its present form, the program 
will handle isolated rotor or stage data measured up- and downstream of blade rows. 

This program may be used for purposes other than producing the output data 



Figure 10. - General logic block diagram of data-reduction and tape storage program. 
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associated with the 12 axial-flow pump rotor configurations described in table I. For 
instance, it could be used as a data- reduction program to process flow and performance 
measurements from other axial-flow pump configurations. Analyses and correlations of 
the data presented in this report or other data can be accomplished conveniently by using 
this program to store the data on magnetic tape. Then a second program can be written 
which reads the reduced data from the tape and performs other calculations desired by 
the user. The basis for this second program can be derived from the coding of appen- 
dix C by deleting all coding between the first READ statement and statement 3000 except 
the second statement after the first READ statement and statement 4700. The user must 
add coding after statement 4700 to effect further analysis of the data. 


CONCLUDING REMARKS 

Comments should be made in conclusion concerning two questions raised by publica- 
tion of the data contained in this report. The first relates to the direct and immediate 
aspects of application of the data to design of axial-flow fans, compressors, and pumps. 
The second concerns longer-term utilization of the data in development of more satis- 
factory design and analysis methods for axial-flow turbomachinery. 

The experimental information contained in the report should not be viewed as useful 
only to designers and manufacturers of multistage axial- flow pumps for liquid- propellant 
rocket propulsion systems. Although the primary goal in the organization of the test pro-' 
gram was to evaluate configurations for such systems and to study the hydrodynamic 
problems encountered, the resulting data obviously have a much more general range of 
usability. It is notable that, with one exception, the rotors described are of relatively 
high hub-tip radius ratio (0.7 or higher) and have' design relative-fluid- inlet angles 
greater than 50° at all spanwise stations. These values are typical. of the geometric and 
aerodynamic conditions found in the final stage of multistage axial-flow compressors for 
industrial application. Very little experimental information is readily available on the 
performance of rotor configurations of this kind in air or other gases. A cursory inspec- 
tion of some of the blade-element performance for rotors such as configurations 5 and 
13A, where deviation angle distributions and loss gradients are vastly different from 
those considered normal for design practice in entrance stages of axial-flow compres- 
sors, should convince users that reevaluation of patterns assumed for design is in order. 
Single-stage blower and fan rotor configurations similar to those discussed in this re- 
port are also encountered in gas circulation systems for a number of industrial require- 
ments. When due consideration is given to nonsimilar flow conditions, which may call 
for caution in cases where direct geometrical scaling may appear to be an easy solution, 
both overall performance and blade-element results presented herein may be of value. 
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In fields other than propulsion, designers of fluid components are likely to find multi- 
stage axial-flow pumps attractive for large-scaled projects such as pumped- storage 
hydroelectric systems and large industrial process systems. In all these cases some 
guidelines on the effects of scale, rotor tip clearance, and blade-element loading levels 

can be developed by consideration of data from selected subsets of the configurations in 
this report. 

Collections of radial and circumferential probe traverse hr survey data are 'recog- 
nized as the essential foundation of all current design and analysis procedures. Similar 
experimental data are likely to fill a substantial role in developing more satisfactory de- 
sign and analysis procedures. The radial survey data of this report have several fea- 
tures which should enhance their usefulness in long-range improvement of these proce- 
dures. Data from a large number of configurations are presented in a single source. 

The data were all obtained by using the same basic facility, procedures, and instrumen- 
tation. The measurements were processed by the same data-reduction program and are 
presented in a common format. This report does not attempt to correlate data or to 
develop new design recommendations. However, the authors have attempted to provide 
an additional base for correlation and design by uniformly and consistently organizing a 
large body of valid data. A computerized storage and recall system has also been pro- 
vided to expedite future analysis and correlation of the data. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, August 2, 1972, 

502-24. 



APPENDIX A 


SYMBOLS 


... , - r O 

AA stream-tube cross-sectional area, in. 

Bl, B2, B3, .B4 cubic equation constant coefficients (fig. 3) 

•GM " position of blade-element maximum camber as percent of total chord 

: n. , length 


c '■ 
D ........ 

d r- 

FFT 

FRC 


Sc 

H 



I 

i 


J 

K 

L 

l 

M 

N 

NB 

P 


blade-element chord length, in. 

blade-element diffusion factor (eqs. (F25) and (F26)) 

probe static-tap diameter (fig. 8), ft 

spanwise location as fraction of total passage height from annulus outer 
surface (eqs. (FI) and (F2)) 

comparison of integrated and venturi- metered volume flow rates 
(eqs. (F48) and (F49)) 

2 

dimensional constant, 32. 174 lbm-ft/lbf-sec 
total head, ft-lbf/lbm 

mass-averaged net positive suction head (eq. (F47)), ft-lbf/lbm 

static head, ft-lbf/lbm 

vapor pressure head, ft-lbf/lbm 

number of axial stations being considered 

incidence angle, angle between inlet flow direction and tangent to blade 
mean camber line at leading edge (fig. 2 and eq. (F22)), deg 

number of blade elements being considered 

blade-row configuration number 

number of flow rates per configuration being considered 
static-pressure-wedge dimension (fig. 7(c)) 

Mach number 

rotor rotational speed, rpm 
number of blades 
total pressure, psi 
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p static pressure, psi 

Q flow rate, gal/min 

Q v venturi-metered flow rate, gal/min 

R gas constant for air, 53. 36 ft-lbf/(lbm)(°R) 

Re probe Reynolds number (fig. 8) 

Re c blade-chord Reynolds number (eq. (F19) 

RLE blade-element leading-edge radius, in. 

RTE blade-element trailing-edge radius, in. 

RR radius ratio (eqs. (F3) and (F4)) - 

r radius from pump axis, in. 

s space between blades (fig. 2), in. 

T absolute temperature, °R 

t max maximum blade-element thickness, in. 

U blade velocity (fig. 2 and eqs. (F13) and (F14)), ft/sec 

V fluid velocity (fig. 2), ft/sec 

X coordinate in tangential direction (fig. 3), in. 

x length coordinate for rotated blade section (fig. 1), in. 

y height coordinate for rotated blade section (fig. 1), in. 

Z axial coordinate, in. ' 

/3 axisymmetric flow angle with respect to axial direction (fig. 2), deg 

y blade setting angle, angle between blade chord and axial direction (fig. 2), deg 

6 deviation angle, angle between outlet flow direction and tangent to blade camber 

line at trailing edge (fig. 2), deg 

( - ) wake momentum thickness parameter (eqs. (F39) and (F40)) 

V c / A 

k blade angle, angle between tangent to blade camber line and axial direction 

(fig. 2), deg 

rj hydraulic efficiency (eqs. (F31) and (F32)) 

r\ mass-averaged hydraulic efficiency (eqs. (F45) and (F46)) 

O 

H absolute-viscosity T -lbf-sec-/ft- 

p 

v kinematic viscosity, ft /sec 
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p 

a 

<P 

<P° 

* 

? 

IjO 

Subscripts: 

A 


a 


h 

i 


ind 

J1 


ps 


R 

rl,r2, r3 r4, 
r5, r6, r7 

S 


ss 

stage 

T 

t 


z 

e 

1 

2 

Superscript: 


fluid density, lbm/ft** 
solidity, c/s 

flow coefficient (eqs. (F33) and (F24))> 

average flow coefficient (eq. (F54)) 

blade camber angle, k^ - Kg, deg 

head-rise coefficient (eqs. (F27) to. (F30)) 

mass-averaged head-rise coefficient (eqs. (F41) to (F44)) 

total-head loss coefficient (eqs. (F37) and (F38)) 

simplified form of two-dimensional version of wake momentum thickness 
parameter 

average value 

pump-annulus inner surface (hub) 

ideal 

indicated 

radial location index 
pressure surface 
rotor 

radial positions between tip and hub 
stator 

suction surface 
stage 

transition (fig. 3) 
pump-annulus outer surface (tip) 
axial component 
tangential component 
blade-row-inlet calculation station 
blade-row-outlet calculation station 

relative to rotor 
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APPENDIX B 


GLOSSARY OF COMPUTER PROGRAM OUTPUT VARIABLES 

Each data column heading associated with the listing of overall performance param- 
eters (table IV) and blade- element data (tables V to XVI) is explained in the accompany- 
ing glossary. For convenience, examples of the headings are included as figures 11 
and 12. 


NASA CONFIGURATION 13 AOJUSTEC-SEE ERI-77900 
0.85 HUB-TIP RATIO, 33 BLADES, 9-INCH TIP DIAMETER, 
1.172-INCH CHORD, 0.010-INCH RACIAL TIP CLEARANCE, 
0.72 DESIGN TIP D-FACTOR, 

DOUBLE CIRCULAR ARC BLADE PROFILE, 


0.5 DESIGN FLOM 

COEFFICIENT, 









PR EL I MI NARY. 

ROTOR 

ROTOR 

ROTOR 

HSVB 

FRC 1 

FRC 2 

RPMA 

UT 1 A 

UT2A 

PHIB1 

PSIB 

PS 1 1 B 

EFFB 

FT 




FPS 

FPS 


NASA CONFIGURATION 14 ADJUSTEC-SEE ERI-77900 
0.9 HUB-TIP RATIO, 19 BLADES, 9-INCH TIP DIAMETER, 
1.5-INCH CHORD, 0.010-INCH RACIAL TIP CLEARANCE, 
0.63 DESIGN TIP D-FACTCR, 

DOUBLE CIRCULAR ARC eLADE PROFILE, 

0.7 DESIGN FLOW COEFFICIENT, 

PR EL I MI NARY. 


ROTOR 

ROTOR 

ROTOR 

HSVB 

FRC 1 

FRC2 

RPMA 

UT 1 A 

UT2A 

PSIB 

PSIIB 

EFFB 

FT 




FPS 

FPS 


Figure 11. - Example of overall performance data table. 
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NASA CONFIGURATION 07 

0.7 HUB-TIP RATIO, 19 ELADES, 9-ISCH TIP DIAMETER, 
1.5-INCH CHORD, 0.00 5-0. 012-INCH RADIAL TIP CLEARANCE, 

0.43 EES IGN TIP E-FACTCP, 

DOUBLE C IFCULAR ARC BLADE PROFILE, 

0.294 DESIGN FLOW COEFFICIENT. 

REPORTED' IN NASA' TN‘ D- 2295 AND TN D-2481. 


BLADE GECKET3IC EAFAMEIE85- 
1 INDICATES LEADING EDGE, 2 

BIACE ROW < 
INDICATES 

1 (ROTOR) 
TRAILING EDGE 





R 1 KAPPA1 

INCHES DEGREES 

R 2 

INCHES 

KAPPA2 SOLIDITY 

DEGREES 

THA X/C 

CHORD 

INCHES 

CAM B ER 
DEGREES 

SETANG 

DEGRESS 


RHUB1 ' 

RTIF1 

FHUB2 

RTIP2 

HBLAOES 

INCHES 

INCHES 

INCHES 

INCHES 



FLOW RATE # 1 5784. GALLONS PER MINUTE 


ROTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 



PASS. HT. 1 

RT/8T 

U 1 

VI 

VZ 1 

VTH1 

BETA 1 

W1 

WTH1 . 

BETA? 1 

HI - 

, PI 

s r RTU D 1 

1 

2 

3 

FROM TIP 


EPS 

FPS 

FPS 

FPS 

DEG 

. F°S 

FPS 

DEG - 

FT - 

FT 

Ui 

0 

M 

4 

5 

PASS.HT.2 

R2/RT 

U 2 

V 2 

V Z 2 

VTH 2 

BETA 2 

W 2 

WTH2 

BETAP2 

H2 

P2 

STRTUB2 

1 

2 

3 

FROM TIP 


IPS 

FPS 

FPS 

FPS 

DEG 

FPS 

FPS 

DEG 

FT 

FT 

SQ IN 

4 

5 

ROTOR BLADE 

ELEMENT PARAMETERS 











1 

INDICATES : 

LEADING EDGE, 

2 INDICATES 

TRAILING 

EDGE 










PASS.HT.1 

R1/RT 

INC 

PH1 1 

R PM 

QV 

DENS IT Y 

VISK 


REC 




1 

2 

3 

FROM TIP 


DEG 



GPM 

LB/CU FT 

SQ FT/SEC 


, 




4 

5 

PASS.HT.2 

R2/PT 

DEV 

PHI 2 

PSI 

PSII 

EFF 

OMEGAB 

D 

DELTA H 

DELTA P 

(TH/C) A 



FROM TIP 


DEG 







FT 

FT 




1 

2 

3 

4 

5 


AVERAGED PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 


ROTOR 

ROTOR 

ROTOR 

HSVB 

FRC 1 

FRC2 

SPMA 

urn 

UT2A 

FSIE 

FSIIB 

EFFB 

FT 




FPS 

FPS 


Figure 12. - Example of blade-element data table. 


27 


Computer 

output 

variable 

Mathe- 

, i r • 

matical 

symbol 

Program 
FORTRAN IV 
variable 

Description 

BETA1 

*1 

BETA(L1, 11, Jl) 

Absolute axisymmetric flow 
angle with respect to axial 
direction at blade-row-inlet 
calculation station (fig. 2) 

BETA2 

^2 

BETA(L1, 11+1, Jl) 

Absolute axisymmetric flow 
angle with respect to axial 
direction at blade -row- out let 
calculation station (fig. 2) 

BE TAPI 


BETAP1(L1, 11, Jl) 

Relative axisymmetric flow 
angle with respect to axial 
direction at blade- row-inlet 
calculation station (fig. 2 and 
eq. (F20)) 

BETAP2 

^2 

BETAP2(L1, 11, Jl) 

5 

Relative axisymmetric flow 
angle with respect to axial 
direction at blade-row-outlet 
calculation station (fig. 2 and 
eq. (F21)) 

CAMBER 

<P° 

THTA(I1, Jl) ? 

Blade- element mean line 
camber angle: k ^ * or 

rotors, k 2 ~ K i * or stators 

CHORD 

c 

CHORD(Il, Jl) 

Blade-element chord length 

D 

'Pr 

XD(L1, 11, Jl) 

Blade- element diffusion fac- 
tor (eq. (F25)) 

DELTA H 

AH 

DELTAH(L1, 11, Jl) 

Blade-element total-head 
rise (eq. (Fll)) 

DELTA P 

Ah 

DELTAP(L1, 11, Jl) 

Blade-element static-head 
rise (eq. (F12)) 

DENSITY 

P 

RHO(Ll) 

Fluid density 

DEV 

6 R 

DEL2(L1, 11, Jl) 

Deviation angle, angle be- 



tween outlet flow direction 

EEF 

^R 

XEFF(L1,I1,J1) 

and tangent to mean camber 
line at trailing edge (fig. 2 
and eq. (F23)) 

— Blade-elementhydrauliceffi=- 


ciency (eq. (F31)) 


Unit 

deg 

deg 

deg 

deg 

deg 

in. 

ft-lbf/lbm 

ftrlbf/lbm 

lbm/ft 3 

deg 
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Computer 

Mathe- 

Program 

Description 

Unit 

output 

variable 

matical 

symbol 

FORTRAN IV 
variable 



FRC1 

FRC 1 

QERR1(L1, 11) 

Comparison of integrated and 


FRC2 


QERR2(L1,I1) 

venturi- metered volume flow 
rates at blade-row-inlet cal- 
culation station (eq, (F48)) 
Comparison of integrated and 


HI 

H 1 

H(L1, 11, Jl) 

venturi- metered volume flow 
rates at blade-row-outlet cal- 
culation station (eq. (F49)) 
Total head at blade- row-inlet 

ft-lbf/lbm 

H2 

H 2 

H(L1, 11+1, Jl) 

calculation station 

Total head at blade-row-outlet 

ft-lbf/lbm 

HSVB 

isv 

HSVB(L1, 11) 

calculation station 
Mass-averaged net positive 

ft-lbf/lbm 

INC 

i 

FNC1(L1, 11) 

suction head (eq. (F47)) 
Incidence angle, angle be- 

deg 

KAPPA1 

K 1 

ALF1(I1, Jl) 

tween inlet flow direction and 
tangent to blade mean camber 
line at leading edge (fig. 2 and 
eq. (F22)) 

Blade inlet angle, angle be- 

deg 

KAPPA2 

k 2 

ALF2(I1, Jl) 

tween tangent to blade mean 
camber line and axial direc- 
tion at leading-edge center 
(fig. 2) 

Blade outlet angle, angle be- 

deg 

NBLADES 

NB 

NBLADE(Il) 

tween tangent to blade mean 
camber line and axial direc- 
tion at trailing- edge, center 
(fig. 2) 

Number of blades 


OMEGAB 

“r 

OMEGB(Ll, 11, Jl) 

Blade- element total- he ad loss 


PI 

h l 

P(U,I1, Jl) 

coefficient (eq. (F37)) 
Blade-element static head at 

ft-lbf/lbm 


blade-row-inlet calculation 
station 
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Computer 

output 

variable 

Mathe- 

matical 

symbol 

Program 
FORTRAN IV 
variable 

P2 

h 2 

P(L1, 11+1, Jl) 

PASS. HT. 

1 or 2 
FROM TIP 
or 

PASS. HT. 

FFT 

FLOHIT(Il, Jl) 

PHI1 

^1, R 

XPHI1(L1, 11, Jl) 



’ ( : ' ! ' OS ■ 

PHI2 

^2,R 

"■ i s • .- : ' 

X PHI2 ( LI , 11 Jl ) 

PHIB1 . r 

<P . 

PHIB(Ll) 

PSI 

*R ' 

XPSI(L1, 11, Jl) 

psn 

*i,R- 

XPSII(L1, 11, Jl) 

QV 

Q v 

GPM(Ll) 

R1 

r l 

■ ' *3i.v ■ 

R(I1, Jl) 


R2 r 2 R(I1+1, Jl) 


Description Unit 

. oi : • . iv • : "!t > 

Blade-element static head at ft-lbf/lbm 

blade-row-outlet calculation 

station 

Blade-element stream-surface 

span location as fraction of 
total passage height from an- 
nulus outer surface at blade- 
row-inlet (1) or -outlet (2) 
calculation station (eq. (FI) or 
(F2)) 

Blade,- element flow coefficient 

at blade -row -inlet calculation 
station (eq. (F33)) 

Blade-element flow coefficient 

at blade-row-outlet (eq. (F34)) 

Average flow coefficient ----- — .-- 

(eq. (F54)) 

Blade-element head-rise coef- 

ficient (eq. (F27)) 

Blade-element ideal head-rise 

coefficient (eq. (F29)) 

Instantaneous volume flow rate gal/min 
as measured with a venturi 
meter • 

Radius of blade-element in. 

stream surface from rotor 
axis at blade-row-inlet calcu- 
lation station 

Radius of blade- element in. 

stream surface from rotor 
axis at blade-row-outlet cal- 
culation station 
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Computer 

Mathe- 

Program 

output 

matical 

FORTRAN IV 

variable 

symbol 

variable 

Rl/RT 

V r i,t 

RRT(I1, Jl) 


R2/RT r 2 /r 2 t RRT(I1+1, Jl) 


REC 

Re c 

REC(L1, 11, Jl) 

RHUB 1 

r l,h 

RHUB(il) 

RHUB 2 

r 2,h 

RHUB(I1+1) 

ROTOR EFFB 

^R 

RMAE(L1, 11) 

ROTOR PSIB 

*R 

RHRCO(Ll, 11) 

ROTOR PSIIB 


RHRCOI(Ll, 11) 

RPM 

N 

RN(L1,I1, Jl) 

RPM A 

N a 

RNA(L1, 11) 

RTIP 1 

r l,t 

RTIP(Il) 

RTIP 2 

r 2,t 

RTIP(I1+1) 


Description 


Ratio of a blade-element 
stream- surface radius to an- 
nulus outer-surface radius at 
blade-row- inlet calculation 
station (eq. (F3)) 

Ratio of a blade- element 
stream- surface radius to 
pump annulus outer-surface 
radius at blade-row-outlet 
calculation station (eq. (F4)) 
Blade-chord Reynolds num- 
ber (eq. (F19)) 

Annulus inner-surface radius 
from rotor axis at blade- row- 
inlet calculation station 
Annulus inner-surface radius 
from rotor axis at blade-row- 
outlet calculation station 
Mass-averaged hydraulic ef- 
ficiency (eq. (F45)) 
Mass-averaged head-rise 
coefficient (eq. (F41)) 

Mass -averaged ideal head- 
rise coefficient (eq. (F43)) 
Rotor rotational speed 
Average rotor rotational 
speed (eq. (F51)) 

Annulus outer- surface radius 
from rotor axis at blade- 
row-inlet calculation station 
Annulus outer -surface radius 
from rotor axis at blade- 
row-outlet calculation station 


Unit 


in. 

in ; 


rpm 

rpm 

in. 

in. 
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Computer 

output 

variable 

Mathe- 

matical 

symbol 

Program 
FORTRAN IV 
variable 

SETANG 

r 

ANGLST(I1, Jl) 

SOLIDITY 

a 

SGMA(I1, Jl) 

STRTUB1 

AAj 

STRTUB(L1, 11, Jl) 

STRTUB2 

aa 2 

STRTUB(L1, 11+1, Jl) 

(T/C)A 

(*/c) A 

TCA(L1, 11, Jl) 

TMAX/C 

*max/ c 

TMAXC(I1, Jl) 

U1 

U 1 

U1(L1, 11, Jl) 

U2 

U 2 

U2(L1, 11, Jl) 

UT1A 

V,a 

UTIP1A(L1, 11) 

UT2A 

U 2,t,a 

UTIP2A(L1, 11) 

VI 

V 1 

v(li,ii, Ji). .... . 


Description Unit 


Blade- element setting angle, deg 
angle between blade- element 
chord and axial direction 
(fig. 2) 

Blade-row solidity based on 

stream- surface radius from 
rotor axis at blade-row-outlet 
calculation station 

2 

Stream-tube cross-sectional in. 
area at blade-row-inlet calcu- 
lation station 

2 

Stream-tube cross-sectional in. 
area at blade -row -out let calcu- 
lation station 

Wake momentum thickness pa- 

rameter (eqs. (F39) and (F40)) 

Ratio of blade-element maxi- 

mum thickness to chord length 
Blade velocity at blade-row- ft/sec 
inlet calculation station (fig. 2 
and eq. (F13)) 

Blade velocity at blade-row- ft/sec 
outlet calculation station (fig. 2 
and eq. (FI 4)) 

Average blade-tip velocity at ft/sec 
blade -row -inlet calculation 
station (eq. (F52)) 

Average blade-tip velocity at ft/sec 
blade-row-outlet calculation 
station (eq. (F53)) 

Absolute axisymmetrip fluid ft/sec 
velocity at blade- row-inlet cal- 
culation station (fig. 2 and 
eq. (F5)) 
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Computer 

output 

variable 

Mathe- 

matical 

symbol 

Program 
FORTRAN IV 
variable 

Description 

Unit 

V2 

V 2 

XV(L1, 11+1, Jl) 

Absolute axisymmetric fluid 
velocity at blade-row- outlet 
calculation station (fig. 2 and 
eq. (F6)) 

ft/sec 

VISK 

V 

VISK(Ll) 

Fluid kinematic viscosity 

ft^/sec 

VTH1 

V M 

VU(L1, 11, Jl) 

Tangential component of VI 
(fig. 2 and eq. (F7)) 

ft/sec 

VTH2 

v e, 2 

VU(L1, 11+1, Jl) 

Tangential component of V2 
(fig. 2 and eq. (F8)) 

ft/sec 

VZ1 

' V z,l 

VZ(L1,I1, Jl) 

Axial component of VI (fig. 2 
and eq. (F9)) 

ft /sec 

VZ2 

V z,2 

VZ(L1, 11+1, Jl) 

Axial component of V2 (fig. 2 
and eq. (F10)) 

ft/sec 

W1 

V i 

XVP1(L1, 11, Jl) 

Relative axisymmetric fluid 
velocity at blade -row -inlet 
calculation station (fig. 2 and 
eq. (F17)) 

ft/sec 

W2 

V 2 

XVP2(L1, 11, Jl) 

Relative axisymmetric fluid 
velocity at blade -row -outlet 
calculation station (fig. 2 and 
eq. (F18)) 

ft/sec 

WTH1 

V M 

VUP1(L1, 11, Jl) 

Tangential component of W1 
, (fig. 2 and eq. (FI 5)) 

ft/sec 

WTH2 

v 'e,2 

VUP2(L1, 11, Jl) 

Tangential component of W2 
(fig. 2 and eq. (F16)) 

ft/sec 
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APPENDIX C 


COMPUTER PROGRAM LISTING AND GLOSSARY OF FORTRAN VARIABLES 


The FORTRAN IV program listed in this appendix was written for use on an IBM 360 
model 65 operating on Release 20. 1. Using a FORTRAN G compiler, 128 000 bytes of 
storage were required, and execution CPU time was approximately 6 seconds per config- 
uration. The program was also compiled with a Version 1, Level 2 WATFIV Compiler. 
The input format is described in detail in appendix D, while a listing of all input data 
cards is given in appendix E. The variable arrays are presently dimensioned for a maxi- 
mum of 16 flow rates, two blade rows, and seven blade elements per. configuration. The 
mathematical relationships used in reducing data are presented in appendix F. All 
FORTRAN IV variables used in the program are defined in the Glossary of FORTRAN 
Variables in this appendix.' ’ ; • • • • ' . . 


Computer Program Listing 


THIS PROGRAM WILL INSTRUCT THE COMPUTER TO READ AXIAL-FLOW PUMP 
GEOMETRICAL ANC FLOW DATA, CALCULATE A NUMBER OF BLADE-ELEMENT 
AND OVERALL PERFORMANCE PARAMETERS AND THEN SYSTEMATICALLY PRINT 
ON PAPER AS WELL AS STGRE ON TAPE THE REAO DATA ANO CALCULATED 
RESULTS 

THE ENGLISH SYSTEM OF' UNITS SHOULD BE USED WITH THIS PROGRAM 

DIMENSION RHUB (3 ) » RT IP ( 3 ) » ZCOORDI 3) .NBLAOEI 2) , CM8RMXI2 ,7) , 

1ALF1 (2,7) ,ALF2 (2 , 7 ) , TM AXC ( 2 , 7 ) , CHORD ( 2, 7 ) , ANGL ST ( 2 , 7 ) , 

2THT A ( 2 , 7 ),RADLE(2,7 ),RADTE(2,7 ),SGMA(2,7 ),R(3,7 >,GPMA(L6), 

3PHIBI16) ,RH0(16),PV(16),BETA(l6,3,7),H(16,3,7) ,P(16,3,7), 

4STRTUB ( 16,3,7) ,RN< 16,3,7) ,GPM( 16,3,7) , VI SKI 16 ) , TC A ( 16, 2 , 7 ) 

DIMENSION FLOH IT (3,7) ,RRT(3, 7) , XV ( 16,3, 7), VU(1 6,3,7) , 

1VZ 1 16,3,7) ,U1 ( 16,2,7) ,U2<16,2,7) , VUP1 (16,2, 7) ,VUP2( 16,2, 7) , 

2XVPK 16,2,7) , X VP2(1 6,2,7 ), BET API ( 16 , 2 , 7 ) , BET AP2 ( 16 , 2 , 7 ) , 

3FNCK 16, 2,7), DEL2( 16,2,7) ,XD(1 6,2,7 ) ,UT IP 1(16, 2,7) , 

4UTIP2(16,2,7) , XPSI( 16,2,7) ,XPSI I ( 16, 2 , 7) , XEFF ( 16,2,7), 

5XPHI 1 (16,2,7) , XPHI 2 ( 16,2,7) , OMEGB ( 16 , 2 ,7 ) , RHRCO ( 16 , 2 ) 

DIMENSION RHRCCI (16,2 ) ,RMAE ( 16,2) ,REC( 16,2,7) 

DIMENSION INF0(7,20) , DELTAH( 16 ,2, 7 ) , DELT AP ( 16 , 2,7 ) ,QERR1 ( 16, 2 ) , 

1CERR2C 16,2) , RN A( 16 , 2 ) , HSVB ( 16 , 2 ) , UTI P 1 A( 16 , 2 ) , UTI P2 A ( 16 ,2 ) 

K I =5 - . • 

KC=6 _ 

N CS= 9 ’•••■• 

READ NUMBER OF DATA SETS INVOLVED 
READ (Kt,llll) NDTSET 

-DO-3000 ' I K T = 1T2 : 
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I KT= 1 READ INPUT DATA, CALCULATE BLADE ELEMENT AND OVERALL 
PERFORMANCE PARAMETERS, PRINT CUT AND STORE ON TAPE THE INPUT 
AND CALCULATED DATA 

,IXT=2 READ INPUT. AND CALCULATED DATA STORED ON TAPE AND 
PRINT "Out THIS DATA . ‘ - 


CATA SET LOOP BEGINS HERE, ONE PER DATA SET 

B . 

CO 3000 KOUNT= 1, NDTSET 
IF ( IKT-1) 4,4,4700 

READ IDENTIFICATION, GEOMETRIC AND FLUID FLOW DATA FOR ONE CONFIGURA 
TION 

4 DO 5 M 1 = I , 7 

5 RE AO ( K 1 , 6 ) I INF01M1.N1) ,N1=1,20) 

READ IKI,10) K , L , I , J 

I 1=1-1 

DO 100 11=1,11 

READ (XI, 11) RHUB( 1 1 ) » RTI P ( 1 1 ) , ZCQCRD ( II ) » N BLADE ( 1 1 ) 

DO 100 J1=1,J 

ICO READ (XI, 12) R( II, J1 ) , ALF1 ( II, J 1 ) , ALF2( 1 1 , J 1 ) , TMAXC ( II, Jl) , 

1 CHORD ( I1»J1)»ANGLST( I 1 , Jl) , THT A( I 1 , Jl > ,CMBRMX(I1,J1) , RAD.LE ( 1 1, J 1 ) , 
2RADTEI II, Jl ) , SGMA( II, Jl) 

READ (XI, 11) RFUB ( I ) » RTIP ( I ) , ZC00RD1 I ) 

READ (XI, 15) (R( I, Jl) , Jl=l, J) 

CO 200 L 1= 1 , L 

READ (NI»13)GPKA(L1)»PHIB(L1)» RHO ( LI ) » PV ( L 1 ) » V I SX ( L 1 ) . 

DO 200 1 1=1, 1 
DO 200 Jl = l , J 

200 READ (XI, 12) BET A( LI , 1 1 , Jl ) ,H ( LI , 1 1 , Jl ) , P (L 1 ,T 1 , J 1 ) , 

1 STRTUB ( L 1 , 1 1 , J 1 ) ,RN ( L 1 , 1 1 , J 1 ),GPM ( L 1, II, J 1 ) 

RN(L1,I1,J1)=RC‘T0R RPM AT EACH ROTOR INLET CALCULATION STATION 
(STATOR OUTLET CALCULATION ST AT I ON ) , RN ( L 1 , I 1 , J 1 ) =0. 0 AT EACH 
STATOR INLET CALCULATION ST AT ION( ROTOR OUTLET CALCULATION STATION) 

; DO 2100 11 = 1, I 

D1=RT I P ( I 1 )— RHUB (II) 

DO 2100 J1=1,J 

FLOHITl 1 1 ,J1)= ( RT I P ( ID— R( II, Jl) )/Dl 
100 RRT( I 1,J1)=R< I 1, J1)/RTIP(U) 

COMPUTE BLADE ELEMENT AND. OVERALL PERFORMANCE PARAMETERS 

DO 2200 Ll=l , L ’ 

DO 2200 11=1,1 
CO 2200 J1=1,J 

D2=64.348*(H(L1, II, Jl )-P(Ll,Il, Jl ) ) 

B 1=BETA (LI, 11, Jl ) *3. 1415927/180.0 
XV ( L 1 , II, Jl )=SCRT (D2) 

VU(L1,I1,J1)=XV(L1,I1,J1)*SIN(B1) 

2200 VZ(L1,I L,J1) = XV(L1,U, J1)*C0S(B1) 

DO 2300 Ll= 1 , L 
DO 230C 11=1,11 
Q 1=0.0 
PSIN=0.0 
PSINI=0.0 
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HSVBN=0.0 
RNN=0.0 
UT I P 1N=0 • 0 

UT ! P 2N = 0. 0 ' 

DO 2260 J1=1,J 

0ELTAH(L1,I 1, J1I=H(L1, I 1+1, J1)-H(L1,I1,J1) 

DELTAP(L1, 11, J1»=P(L1, 1 1+1, J1 )— PC LI, 1 1, Jl) 

UHL 1,11 ,J1),=RM LI, II, J1)*R(I1,JI )*3. 1415927/360.0 
U2(L1, I 1,J1)=RNI LI, II, J1)*R( 1 1 + 1, Jl) *3,1415927/360.0 
VUP1 (L1,I1, Jl) =U1(L1, 1 1, Jl)-VU(Ll , II, Jl) 

VUP2(L1,I1, J1)=U2(L1,I1,J1)-VU(L1,I1+1,J1) 

03=VUP1(L1»I1»J1)*VUP1(L1*I1»J1HVZ(L1»I1»J1)*VZ(L1»I1,J1) 

XVP1(L1»I1»J1)=SQRT(D3) 

REC(L1,I1, JU=CHCRD( 1 1 , J 1 ) *X VP 1 1 L 1 , II , Jl ) /( VI SK CL 1 ) * 12 ,0 ) 

D4=VUP2 (Ll»Il,Jl)*VUP2(Ll»Il,Jl)+VZ(Ll»Il + l»Jl)*VZ(Ll»ini»Jl) 
XVP2(L1»I1*J1)=SGRT(D4) 

D5=VUP1(L1, II, Jl )/XVPl(Ll, 1 1, Jl) 

B ET API (L 1,11, J 1 1 = 1 180.0/3.1415927 )*ARSIN(D5) 

D6=VUP2 (L1»I1»J1)/XVP2IL1»I1»JI) 

BETAP2I LI, I 1, Jl) = { 180. C/3. 1415927 ) *ARSIN (D'6 > 

BP2=BET AP2 ( LI » II ,J1 ) *3 .141593/ 180. 

DB=ABS(BETAP1(L1,I1,J1I) 

DALF=ABS(ALF1( II, Jl) ) 

FNC1(L1,I1,J1) =DB— DAL F 

IF (RN(L1,I1, J1I-0.01) 2205,2206,2206 

2205 DEL2IL1, 11, J 1 > =ALF2( ,1 1 , Jl )-BET AP2 ( LI , 1 1, Jl) 

GC TO 2207 

2206 DEL2(L1,I1»J1)=BETAP2(L1»I1,J1)— ALF2(I1»J1) 

2207 IF 1RNIL1.I1, JD-0.01) 2210,2250,2250 

2210 D2A=R(I1+1»J1)*VU(L1»I1+1»J1)-R(I1»J1)*VU(L1»I1,J1) 

D2B=SGMA(ll, J 11* XV (LI, II, Jl)*(R(IHl, JLl+Rl 11, Jl) ) 

07=XV(L1,I1+1, Jl t /XV (LI, II, Jl) 

XOILl ,11 , Jl ) =1 • 0— D7— ( 02 A/D2 B ) 

XPSI1L1, 11, J1)=32.174*(H(L1, 1 1 + 1, J 1) -H ( L 1 , 1 1-1 , Jl) >/ 

1 (UTIP21L1 ,11-1 ,J1)*UTIP2(L1, 11-1, Jl) ) 

XPSI I1L1,I1, J1)=(U2(L1,I1-1, J1)*VU(L1,U,J1)-U1(L1,I1-1, Jl)* 
1VU(L1,I1-1, Jl ) )/(UTI P21L1, 1 1-1, Jl ) *UT I P2< LI ,11-1, Jl ) ) 

XEFF (LI, II , Jl ) =XPSI (LI, II, Jl J/XPSI I (LI, 1 1 , J 1 ) 

XPHI 1(L1,I1, Jl > = VZ(L1, II, JD/UTIP11L1 ,11-1, Jl) 
XPHI2(L1,I1,J1)=VZ(L1,I1+1,J1)/UTIP1(L1,I1-1,J1) 

OMEGB (LI ,11, J1)=-0ELTAH( LI, II, Jl ) *2.0*32 . 174/ (XV (LI, I 1, Jl)**2) 
TCA(L1»I1»J1)=CMEGB(L1»I1»J1)*C0S(BP2) /( 2. 0*SGMA( 1 1 , Jl ) ) 

PSINI = PSINI+XPSI I (LI, 1 1, J1)*VZ(L1 ,11+1,J1)*STRTUB(L1,I HI , Jl) 
PSIDHPSIDI+VZ (L1,U + 1,J1)*STRTUB(L1, 1 HI, Jl) 

PSIN=PSIN+XPSI (LI, II, J1)*VZ( LI, 1 1 + 1, J1HSTRTUB (LI , 1 1+1 , Jl ) 
Q1=Q1+VZ(L1 , II ,J1)*STRTUB(L1, M, Jl) 

GC TO 2260 

2250 D2A=R( 1 1 , Jl ) *VU( LI , 1 1 , J 1 )— R ( 1 1 + 1, J1-) *VU( LI , I HI , Jl ) 

D2B=SGMA( 1 1 , J 1 ) *XVP1 ( L 1 , 1 1 » J 1 ) *(R ( 1 1 + 1 » J 1 ) +R ( I 1 » Jl ) ) 

D7=XVP2(L1, II, J1)/XVP1(L1,I1, Jl) 

XD(L1,I1,J1)=1 .0— C7— ( 02 A/D2 B ) 

UT IPHL1 , 1 1, Jl V=RN(L 1 , 1 1 , J 1 ) *RTI P ( 1 1 1*3. 1415927/360.0 
UTIP2(L1 ,11 , Jl ) = RN(L1, II, Jl )*RTIP ( 11 + 1 )*3. 1 41 592 7/360. 0 
XPSI I LI, II, Jl ) =32. 174* (H(L 1,1 1 + 1, Jl ) -H (L 1 , 1 1 , J 1 ) ) / ( UTI P2 ( L 1 , 1 1 , J 1) 
1*UTIP2(L1,I1, Jl) ) 

XPSI I (LI ,11 , Jl ) = (U2< LI ,11, J1)*VU(L1, I1 + 1.J1 )-Ul(Ll, II, Jl) * 

IVU ( L 1 ,XL, J 1 LL/_(.UXI P2.( L 1,7 1-,-JlJ *.UT_I P-2-(-L 1,1 l-, Jl )-) 

XEFF (LI, II , Jl )=XPSI(L1,U, Jl ) /XPSI I (Li, II, Jl) 
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XPHI 1 1 Ll » 1 1 » Jl ) =VZ ( Ll , 1 1 , Jl ) /UT I P 1 (Ll » 1 1 , Jl ) 

XPHI2(LltU ,J1 )=VZ(L1,I1+1,J1)/UTIP2(L1,I1,JI) 

□ MEGBI L 1 * 1 1 * J 1 )=(XPSII(L1,II,J1)-XPSI(L1,U,J1) ) *2 . 0*UTI P2 ( L 1 , II, 
I J1 ) *UT I P2 ( Ll , I 1, Jll/ (XVP1CL1, 11 ,J1)*XVP1 (Lit lit Jl > ) 
TCA(Ll,IltJl)=CMEGB(Ll,Il, J 1 ) *COS ( BP2 ) / ( 2. 0 *SGMA( I 1 , Jl ) ) 
PSINI=PSINI+XPSI I (L1»I1,J1)*VZ(L1»I1+1,J1)*STRTUB(LI»I1+1,J1) 
PSID1=PSIDI+VZ (L 1,1 1+1 , J1)*STRTUB III, 1 1+1, J 1 ) 

PS IN=PS I N+XPS I (Ll, 11, J1)*VZ(L1,U+1,J1)*STRTUB(L1,I 1+1, Jl) 
Q1=Q1+VZ(L1, II ,J1)*STRTUB(L1,U,J1) 

HSVBN=HSVBN+(H(L1, 11, Jl)-PV(Ll) )* VZ I L 1 , 1 1 , J 1 ) *STRTUB (L 1 , ! 1 , J 1 ) 
PNN=RNN+RN(L1, II, Jl) 

UTI P 1N=UTI P 1N+UT I PI ( Ll ,I1,J1) 

UTIP2N=UTIP2N+UTIP2< Ll, II, Jl) 

2260 CONTINUE 

RHRCO (Ll,I 1I=PSI N/PSID I 
RHRC0KL1, 1 1 > = PS INI/PS IDI 
RMAE(L1»I1)=RHRCC(L1»I1)/RHRC0I (L1,I1) 

HSVBtLl, I1)=HSVBN/Q1 

QERR2(L1 ,11 )=( PS 10 1*720.0/23 l.O-GPMA(Ll) )/(GPM A (Ll) ) 

IF (RN(L1, 11,1 1-0.01) 2270,2280,2280 
22 70 QERR1(L1»I1) = QERR2(L1, 1 1-1) 

GO TO 2300 

2280 QERRULl, U) = (C1*720. 0/231. O-GPMA(Ll) )/(GPMA(Ll>) 

RNA(L1,I1)=RNN/J 
UTIP1A(L1,I1)=UTIP1N/J 
UTIP2A(L1,I1)=UTIP2N/J 
2300 CONTINUE 

WRITE l KC, 90 ) 

GO TO 4900 

READ INPUT AND CALCULATED DATA STORED ON TAPE FOR A CONFIGURATION 
IF I KT=2 

4700 READ ( NDS) K , L , I , J , RHU B ( I ) , RT I P 1 1 ) , ZCOORD ( I ) , ( R ( I , J 1 ) , Jl= 1 , J ) , I I , 
1 ( RHU B ( 1 1 ) , RT I P ( I 1 ) , ZCOORD ( ID , N BLADE ( 1 1) , 1 1 = 1 , 1 1 ) , 

2((R( 11, Jl) , ALFH II, Jl ) , ALF2( II , Jl ) ,TMAXC( II ,J1 > ,CHORO( II, Jl) , 
3ANGLSTI 1 1 ,J1 ) , THTAM1 , Jl) ,CMBRMX( 1 1 , J 1 ) , RADLE ( 1 1 , J 1 ) , R ADT E ( II, Jl) 
4 SGM A ( I1,J1),U = 1,II),J1=1,J),(( INF0(M1,N1) »M1=1,7) ,N1=1,20) 
READ(NCS) 

U ((BETA(L1, II, Jl ),H(L1,U, Jl) , P ( L 1 , 1 1 , J 1 ) , STRTU8 ( Ll , 1 1 , J 1 ) , 

2RN(L1 ,11 ,J1 ) ,GPM(L1, 11 ,J1 ) ,L1 = 1,L) , 11 = 1, I ) , J1=1,J) , 

3 ( GPM A ( Ll ) ,PHIB (Ll) ,RH0(L1) ,PV(L1) ,VISK(L1),L1 = 1,L), 

4(IFL0HIT( II, Jl ),RRT( II, Jl) , 11=1,1 ) ,J1=1, J), 

5( ( (XV(Ll ,11, Jl >,VU(L1, II, Jl ) , VZ(L1,I1,J1) , L 1=1 ,L ) , I 1 = 1,1 ) , Jl=l, J) 
READ(NCS) 

1( (IUKL1 ,11, J1),U2(L1, U,J1 ),VUP1IL1, II, Jl) , VUP2( L 1 , 1 1 , Jl ) , 
2XVP1(L1,I1 , Jl ) ,XVP2(L1 ,11 , Jl ) , BET API ( L 1, 1 1 , Jl ) , BET AP2 ( L 1 , 1 1 , J i ) , 
3FNCKL1, 11, Jl ) ,DEL2(L1 , II, Jl) ,XD(L1, 1 1, Jl) , UTI PI (Li , Ii,Jl ) , 

4UTIP2 (Ll ,11 , Jl ),XPSI (L1,I1, Jl ) ,XPSII(L1»I1,J1) , XEFF ( Ll , 1 1 , J 1 ) , 
5XPHI KL.1,1 1, Jl ) ,XPHI2( L1,U, Jl) , OMEGB ( Ll , 1 1 , J 1 ) , 

6REC(L1, 1 1, Jl ) ,TCA(L1, I 1 , J 1 ) ,L1=1,L ) , 11 = 1,1 I ) , Jl=l , J ) 

READ (NDS ) 

1 ( (RHRCCILl, I 1) , RHRCO I ( Ll, ID, RMAE ( L 1 , 1 1 ) , Ll = l, L) , 1 1=1 , I I ) 

2( (HSVBILI.U) ,QERR1(L1, 111 , QERR2( L 1 , 1 1 ) , RNA ( Ll ,11 ) , 

3UTIP1A(L1,U) , LTIP2A(L1,I1 ) , 11 = 1, II) ,L1=1,L ) , 

4!((DELTAH(L1,I1,J1), DELTAP ( L 1 , 1 1 , J 1 ) , Ll= 1 , L ) , 1 1=1 , I I ) , Jl = l , J ) 

4900 WRITE ( K0,23 ) 

C 

C PRINT OUT INPUT AND CALCULATED DATA FOR A CONFIGURATION 


c 

DO 4901 M 1 = 1 , 7 

4901 WRITE ( KO » 4902 ) ( I NFO ( Ml , N1 ) , N 1=1 , 20 ) 

DO 4940 11 = 1, II 

IF (RN(1 , II ,11-0.01) 4910,4910,4915 
4910 WRITE! KO ,4903 ) 11 

GO TO 4917 

4915 WRITE1K0, 4904) II 
4917 WRITE ( KO* 4920 ) 

DO 4930 J1=1,J 

4930 WRITE (KC,4931) Jl , R ( I 1 , J 1 ) , AIF 1 ( 1 1 , J 1 ) , R ( 1 1 + 1 , J1 ) , ALF 2 ( I 1 , J 1 ) , 

1 SGMA ( 1 1 , J1 ) »TM AXC ( 1 1 , J 1 ) , CHORD ( 1 1 , J 1 ) , THTA! 1 1 , J 1 ) , ANGL ST ( I 1 , J 1 ) 
WRITE (KG, 4935 ) 

WRITE (KC, 4936 ) RHUB! U),RTIP(I1) , RHUB ( 1 1 + 1 ) t RT IP C 1 1+1 ) , NBL ADE ( 1 1 ) 
4940 CONTINUE . . . , 

DO 6000 11=1, L 

WRITE ( K0,4999 ) L1,GPMML1) ’ 

DO 5110 11=1,1 I 
I F ( RN ( LI ,11 ,1 >— • 01 )50,51,51 

50 WR I TE ( KO , 53 ) 

GC TO 52 

51 WRI TE ( KO , 57 ) 

52 WRITE (KC, 5001 ) , 

DO 5100 Jl=l , J 

5100 WRITE ( KO, 5002 ) Jl , FLOH IT ( 1 1 , J 1 ) , RRT l 1 1 , J 1 ) ,U1 ( LI ,' 1 1 , J 1 ) , 

1XV(L1, 11 ,J1 > ,VZ(L1,U,.J1),VU(L1,I1,J1) , BETA (LI, 11, Jl), 

2XVP 1(L1,11,J1) ,VUP1(L1,I1, Jl) , BET API (LI, II, Jl) ,H(L1, I1,J1) , 

3P(L1, II, Jl ) ,STRTUB(L1, 11, Jl) 

WRITE ( KO , 5003 ) 

12=1 1+1 

DO 5110 J1=1,J 

5110 WRITE ( KO , 5 002 ) Jl , F LOH I T ( I 2 , J 1 ) , RRT ( I 2, J 1 ) ,U2 ( L 1 , 1 1 , J 1 ) , 

1XVIL1, I2,J1) ,VZ(L1,I2, Jl) ,VU(L1,I 2,J1) , BETA (LI ,12, Jl) , 

2XVP2 (LI ,11, Jl ) ,VUP2(L1 ,11, Jl) , BET AP2 ( L 1, 1 1 , Jl ) , H( LI , 12 , Jl ) , 
3P(LI,I2,J1),STRTUB(L1,I2,J1) 

DC 5210 11 = 1, 1 1 

IF(RN(L1, II , 1 ) -• 01 ) 54, 55,55 

54 WR ITE ( KO, 53 > 

GO TO 56 

55 WRITE (KO, 57) 

56 WRITE (KO, 5201 ) 

DC '5200 J1 = 1,J 

5200 WRITE ( KO, 5202 ) J 1 , FLOH IT ( 1 1 , J 1 ) , RRT ( 1 1 , J 1 ) , FNC 1 ( L 1 , 1 1 , J 1 ) , 
1XPHIKL1 ,11 , Jl ) ,RN(L1 j II, Jl) ,GPM( LI, II ,J1),RH0(L1 ) , 

2 V I SK ( L 1 ) ,REC(L1, 11, Jl) 

WRITE I KO , 5203 ) ; 

DO 5210 Jl= 1, J 

5210 WRITE ( KO, 5204 ) Jl , FLOH IT ( 1 1 + 1 , Jl ) ,RRT ( 1 1 + 1 , Jl ) , DEL 2 ( L 1 , 1 1 , Jl ) , 
1XPHI 2 (LI , II ,J1 ),XPSI(L1,I1, Jl) ,XPSII (LI, II, Jl > , XEFF ( LI , I 1 , Jl), 
20MEGB(L1, II, Jl ), XD(L1, II, Jl) , DELT AH( L 1 , 1 1 , J 1) , DELT AP ( LI , I 1 , Jl ) 
3,TCA(L1, II, Jl ) 

WRITE ( KO , 530 1 ) _ .. 

DO 5350 11=1, I T ‘ -- - - - 

IF (0.0 1— RN 1 1 , 11,1)) 5310,5310,5320 
5310 WRITE ( KO, 531 1 ) 

WRITE (KG, 5312) PH I B ( L 1 ) , RHRCO l L 1 , ID , RHRCO I ( L 1 , 1 1 ) , 

1RMAE(L1»I1) »HSVB(L1,I1 ) , QERRKL1, I 1) ,QERR2( LI , ID ,RNA(L1,I1), 

2UTIPlA(Ll-,I-l),UTIP2A(L-l-rM-)— — ’ : 

GO TO 5350 
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5320 WRITE (K0, 5321 ) 

WRITE (K0.5312) PH I B ( L 1 ) , RHRCQ ( LI , 1 1 ) , RHRCO I ( L 1 , 1 1 ) , 

1RMAE ( L 1 « 1 1 ) « QERRKL1, II) ,QERR2(Li, II) 

5350 CONTINUE . ' . 

60 CO CONTINUE - ■ , • , . . 

IF (IKT-1) 540C, 5400, 3000 ' ’ ~ 

STORE ON TAPE THE INPUT AND CALCULATED OATA FOR A CONFIGURATION. 

IF I KT= 1 “ ' .. 

5400 WRITE(NDS) K., L , I , J , RHUB ( II , RTIPU ) , ZCOORO ( I ) , ( R ( I » J 1 ) » Jl= 1, J ) , I I , 

1 ( RHUB ( II ) » RTI P ( 1 1) fZCOGRDlI 1 ) »NBLADE(I1) , 11 = 1*1 I ) * 
2((R(I1*J1),ALF1(I1,J1),ALF2(I1,J1) , TMAXC ( 1 1 , J 1 ) ,CHORO( II, J 1 ) ,. 
3ANGLST ( 1 1 , J 1 ) , THT A ( 1 1 , Jll ,CMBRMX( 1 1 , J 1 ) , RAOLE ( 1 1 , j 1. ) ,R ADTE ( 11 , J 1 ) , 
4SGMA ( II , J1 ) , 11=1,11) ,J1=1,J ),(( INFG(M1,N1),M1=1,7) ,N1=1,20) 
WRITE(NDS) 

1 ( ( (BETA1L1, 1 1 , J 1 ),H(L1,I1,J1) , P ( L 1 , 1 1 , J 1) , S.TRTU8 ( L 1 , 1 1 ,Jl) , \ - 
2RN(L1,I1,J1)»GPM(L1*I1,J1)»L1 = 1»L),I1 = T»I.)»J1=1,J)» 

3(GPMA(L1),PHIB (L1),RH0(L1) ,PV(L1) *VISK(L1),L1=1,L) , 

4( (FLOHIT (II, J1 ) , RRT ( II, Jll , 11=1,1 ) , J 1= 1, J) , 

5( <(XV(L1,U, J1 ), VU(L1 , 11, J1 ) ,VZ(L1,I1, J1 ) ,L1=1,L) , 11 = 1,1 ) ,J1=1,.J> 
WRITE(NDS) 

1( ( (U1(L1,1 1, J1 ) ,U2(L1,I 1 , J1 ) , VUP1 (LI, I 1, J 1 ) ,VUP2(L1 ,11 ,J1 I , 
2XVPKL1, 11, J1 1 ,XVP2(L1,I1,J1),BETAP1(L1,I1,J1) , BETAP2( LI , 1 1 , J 1 ) , 
3FNC1 ( LI , 1 1 , J1 ) »DEL2(L1,I1,JL).»XC(L1,I1»J1)*UTIP1(L1*I1»J1) , . 

4UT I P 2 (L 1 » 1 1 *’ J 1 ) » XP S I ( L 1 , 1 1 * J 1 ) ,XPSII (LI, II , Jl) , XEFF ( LI , 1 1 , Jl) , 
5XPHI1 (LI , 1 1, J1 ),XPHI2(L1, 1,1 , J 1 ) ,OMEGB.( L 1 ,11,J 1 ) , ' ' 

6REC1L1, 1 1,J1) , TCAIL1 , II , Jl) , Ll = l ,'L ) ,11 = 1 ,' 1 1 ) , J 1 = 1 , J ) 

WRITE(NDS) 

1 ( (RHRCCt LI , 1 1 ) , RHRCO I (LI, 1 1 ) , RMA E ( L 1 , 1 1-) , L 1 = 1, L ) , 1 1=1 , 1 I ) , 

2( (HSVB(L1,I1) ,QERR1(L1,I1) , QERR2( LI, 1 1 ) ,RNA(L1 ,11) , 

3UTIP1A(L1,I1) ,LTIP2A(L1,I1) ,11=1,11) ,L1=1,L), 

4( ( (OELTAHL 1, I 1, Jl ) ,DELTAP( LI, I 1 , J 1 ). , L 1= 1 , L ) ,11 = 1, II), Jl = l , J) 

IF (KCUNT-NOTSET). 3000, 5410, .5410 i 

5410 END FILE NOS 
REWIND NCS 
3000 CONTINUE 

6 FORMAT ( 20A4 ) 

10 FORMAT (412 > 

11 FGRMAT ( 3F 10. 5 , 1 10 ) 

12 FORMAT (6F10.5 ) 

13 FORMAT (4F10.5, E7.1 ) 

15 FORMAT (7F10.5) • 

23 FORMAT '( 1H1 , 6F 10 .5 ) 

53 FORM AT ( / , • STATOR BLADE ELEMENT P ARAMETERS* , / , • 1 INDICATES LEADIN 
1G EDGE, 2 INDICATES TRAILING EDGE') , 

57 FORM ATI/,' ROTOR BLADE ELEMENT PARAMETERS',/,' 1 INDICATES LEADING 
1 EDGE, 2 INDICATES TRAILING EDGE') 

<50 FORMAT ( 1H0 » / /.) 

1111 FORMAT (12) 

4902 FORMAT (1X,20A4) 

4903 FORMAT ( 1H0, // • BLADE GEOMETRIC PARAMETERS- BLADE ROW#' , 12., 2X» ' ( ST A 
1 TOR ) ' , / , ' 1 INCICATES LEADING EDGE, 2 INDICATES TRAILING EDGE') 

4904 FORMAT ( 1H0 , / / ' BLADE GEOMETRIC PARAMETERS-- BLADE ROW#' , 12 , 2X, • (ROT 
10R ) ' , / , ' 1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE') 

49 20 FORMAT (1H0//,11X,'R1 • ,6X, 'KAPPA1* , 10X, 'R 2 ' , 6X ,.' KAPP A2 • ,4X, 

1' SOLIDITY' ,6X, ' TMAX/C ' ,7X, 'CHORD* ,6X ,' CAMBER' ,6 X, • SETANG* ,/,7X, 

2' INCHES’ ,5X7' DEGREES' ,6X, 'INCHES ', 5X,» DEGREES'. ,30 X, • INCHES' ,5X, 

3 • DEGREES * ,5X, • DEGREES' , / ) 



4931 FORMAT l 1H » 1 1 ,2 X, F9. 6 , 3X, F 9. 3 » 3X ,F9.6 ,3X , F9.3 , 3X , 3 ( F9.6 , 3X) , 
12(F9.3,3X) ). 

4935 FORMAT ( 1HO , // , 8X , • RHUB 1* , 7X, • RT I PI* , 7X, ' RHUB2 * , 7X, • RT IP2 • » 5X, 

1 • N BLADE S' , / ,7X,' INCHES' ,6X, • INCHES' ,6X, ' INCHES • ,6 X, • INCHES' »./) 

4936 FORMAT { 4X , 4 ( F 5. 6 , 3X ) , I 9 ) 

4999 FORMAT 11H1///,' FLOW RATE # • , I 2 , 10X , F 9. 0 , • GALLONS PER MINUTE') 

5001 FORMAT ( /3X,' PASS.HT.l Rl/RT • ,8X , *U1 • , 8X , • VI • , 7X , • VZ1 ' , 6X , 

1 * VTHl' , 5X, ' BET A 1 * , 8X , • W1 • f 6 X , * ViTH 1 « , 4X , ' BET API * , 8X , • HI • , 8 X» * PI ' , 

23 X, » STRTUB1 • , / ,5X f 'FROM TIP' , 17X, 'FPS* ,7X, • FP S • , 7X , • FP S' , 7X , • FP S • , 
37X, 'DEG* ,7X, 'FPS» ,7X, • FPS' , 7X, 'DEG' ,8X,'FT* , 8X , 'FT* ,5X,*SQ IN' ) 

5002 FORMAT ( 1H , 1 1 ,1 X , 2F10.6 , IX , 10 < F9 . 3 , IX ) , F9. 5 ) 

5003 FORMAT < /3X, * PASS.HT.2 R2 /R T • , 8X, ' U2‘ , 8X , • V2' , 7X , ' V Z2* , 6X , 

1 ' VTH2 ' ,5X, ' BET A2 * , 8X, • W2* »6X, • WTH2 ' » 4X » ' BET AP 2 • , 8X , • H2 • , 8X, 'P2* , 
23X, • STRTUB2 ' » / »5X, ' FROM TIP' , 1 7X , • FPS « ,7X , • FPS • , 7X , • FP S ' , 7X, • F PS • , 
3 7X, 'DEG',7X,'FPS' f 7X, 'FPS',7X, • OEG • , 8X , • FT • ,8X,'FT' ,5X,'SQ IN' I 

5201 FORMAT ( /,3X,' PASS.HT.l R1 /RT ' , 7X, * INC • , 6X, ' PH 1 1 • , 7X, ' RPM • , 

18X,'QV' f 3X, 'DENSITY* ,1 OX,* VI SK' ,10X,'REC' , 

2/ » 5X » ' FROM TIP*, 17X, • DEG* ,2 7X» *GPM LB/CU FT*,5X,'SQ FT/SEC') 

5202 FORMAT ( 1H , 1 1 , 2 X , 2 ( F9. 6 , 1 X ) , F9. 3 , IX , F9. 6, 1 X , 3 ( F9 . 3 , IX ) 

1, IX, E12.4, 1X.E12.4) 

5203 FORMAT ( /,3X,* PASS.HT.2 R2/RT* , 7X, 'DEV' ,6X, *PHI2' ,7X, 'PSI 

16X,'PSII* ,7X,*EFF' ,4X, 'OMEGAB* ,9X,'0 DELTA H OELTA P*, 

24X, • (TH/C) A' ,/ ,5X, 'FROM TI P • , 1 7X , • DEG • ,6 8 X, • FT • , 8X, » FT » ) 

5204 FORMAT (1H , 1 1 ,2 X , 2 ( F9 .6 , IX ) , F9. 3 , IX , 6 ( F9. 6 , IX ) , 2 < F9 . 3 , 1 X ) , 

IF 10. 5 ) 

5301 FORMAT ( 1H0 ,' AVERAGED PARAMETERS',/,' 1 INDICATES LEADING EDGE, 2 
1INDICATES TRAILING EDGE',/) 

5311 FORMAT 119X,’RCTCR' ,8X,' ROTOR' , 8X , • ROT OR » , 9 X, • HSVB' ,9X,'FRC1* , 

1 9 X , ' FRC2 * ,9X, • RPR A' ,9X, 'UT1A* ,9X, *UT2A*, /,6X, 'PHIB1* ,9X, 'PS IB* , 
28X,' PSI IB* ,9X, *EFFB* ,11X,'FT* ,49X , • FPS* , 10X , • FPS* ) 

5312 FORMAT ( 2X , 4 ( F 9. 6 , 4X ) , 6 ( F9 . 3 , 4X ) ) 

5321 FORMAT ( 19X , ' S T AGE * , 8X , • ST AGE • , 8X , • ST AGE • , 9 X , • FRC 1 • , 

19X, • FRC2 ' , / , 6X, * PHIB1' ,9X,'PSIB' * 8 X , ' P SI IB' ,9X,*EFFB' ) 

STOP 

END 
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Glossary of FORTRAN Variables 


FORTRAN IV ' 

Mathe- 

Definition 


variable 

matical 

symbol 



ALF1(I1, Jl) 

K 1 

Inlet blade angle, angle between 
tangent to blade mean camber 
line and axial direction at lead- 
ing edge (fig. 2) , 

deg 

ALF2(I1, Jl) 

k 2 

Outlet blade angle, angle between 
tangent to blade mean camber 
line and axial direction at trail- 
ing edge (fig. 2) 

deg 

ANGLST(I1, Jl) 

y 

Blade setting angle, angle be- 
tween blade-element chord and 
axial direction (fig. 2) 

deg 

B1 


expressed in radians 

radians 

BETA(L1, 11, Jl) 


Absolute axisymmetric flow 
angle with respect to axial direc- 
tion 

deg 

BETAP1(L1, 11, Jl) 


Relative axisymmetric flow 
angle with respect to axial direc- 
tion at blade-row-inlet calcula- 
tion station (fig. 2 and eq. (F20)) 

deg 

BETAP2(L1, 11, Jl) 

^2 

Relative axisymmetric flow 
angle with respect to axial direc- 
tion at blade- row- outlet calcula- 
tion station (fig. 2 and eq. (F21)) 

deg 

BP2 


/3g expressed in radians 

radians 

CHORD(Il, Jl) 

c 

Blade -element chord length 

in. 

CMBRMX(I1, Jl) 

CM 

Position of blade -element maxi- 
mum camber as percent of total 
chord length 

percent 

D1 


Intermediate result, r^. - r^ 

in. 

D2 


Intermediate result, H - h 

ft-lbf/lbm 

D3 


Intermediate result, (V!. «) 2 + 

< V z, 1> 2 , 

Intermediate result, (V!, „) + 

9 f7, Z 

ft 2 /sec 2 

D4 


ft 2 /sec 2 



FORTRAN IV 

Mathe- 

Definition 

variable 

D5 

matical 

symbol 

Intermediate result, Vg 

D6 

D7 

• v / 


Intermediate result, Vg g/Vjj 
Intermediate result: Vg/V^ 
for rotors, V£ /Vj for -stators 

D2A 

D2B 

DALF 

l K li 

Intermediate result: rgV^ 2 “ 
r l Vg j for stators, r ^ ^ - 

r 2^0 2 * or ro * ors 
Intermediate result: Vj(r„ + r^) 

for rotors, Vj(rg + r^) for sta- 
tors 

Absolute value of ALF1(L1,I1, Jl) 

DB 

kil 

Absolute value of 

DEL2(L1, 11, Jl) 

6 . 

BETAP1(L1, 11, Jl) 

Deviation angle, angle between 

DELTAH(L1, 11, Jl) 

AH 

outlet flow direction and tangent 
to mean camber line at trailing 
edge (fig. 2 and eqs. (F23) and 
(F24)) 

Blade-element total-head rise 

DELTAP(L1, 11, Jl) 

Ah 

(eq. (Fll)) 

Blade-element static-head rise 

FLOHIT(Il, Jl) 

FFT 

(eq. (FI 2)) 

Blade -element stream- surface 



span location as fraction of total 



passage height from pump annu- 
lus outer surface at a blade-row 



calculation station (eqs. (FI) and 
(F2)) 

FNC1(L1, 11, Jl) 

i 

Incidence angle, angle between 


.. 

inlet flow direction and tangent 
to mean camber line at leading 
edge (fig r 2 and eq. (F22)) 

GPM(L1, 11, Jl) 

Q 

^v 

Instantaneous volume flow rate 


as measured with a venturi 
meter 


Unit 


in. -ft/sec 

in. -ft/sec 

deg 

deg 

deg 

ft-lbf/lbm 

ft-lbf/lbm 


deg 

gal/min 
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FORTRAN IV 
variable 

Mathe- 

matical 

symbol 

Definition 

' J ' ' Unit 

GPMA(Ll) 

Q 

v , a 

Average volume flow rate as 
measured with a venturi meter 
(eq. (F50)) 

gal/min 

H(L1, 11, Jl) 

H 

Blade-element total head 

ft-lbf/lbm 

HSVB(L1, 11) 

"sv 

Mass-averaged net positive suc- 
tion head (eq. (F47)) ‘ 

ft-lbf/lbm 

HSVBN 


Cumulative value of integrated- 
volume-flow-rate-weighted net 
positive suction head 

(ft 2 ) (in.* 5 ) (lbf) /(lbm)(sec) 

I 

II 
12 
n 

IKT 

INFO(Ml, Nl) 

I 

Number of axial stations being 
considered • ' : 

Axial station loop index J - ' 

11 + 1 

Number of blade rows being con- 
sidered ' ' fr ' 

Overall program loop index 
RotOr configuration identification 
information 


J 

Jl 

J 

Number of blade elements being 
considered 

Blade-element radial position 
loop index 


K 

KI 

KO 

KOUNT 

K 

Blade-row configuration number 
Card reader unit reference num- 
ber 

Line printer unit reference num- 
ber 

Configuration loop index 


L 

LI 

Ml 

L 

Number of flow rates per config- 
uration being considered 
Flow-rate loop index 
Identification information 
"READ" and "WRITE" loops 
index 
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Definition 


FORTRAN IV Mathe- 

variable matical 

symbol 


N1 


Identification information 
"READ” and "WRITE” loops 
index 

NB LADE (11) 

NB 

Number of blades in blade row 
being considered 

NDS 


Tape unit reference number 

NDTSET 


Number of blade-row configura- 
tions being considered 

OMEGB(Ll, 11, Jl) 


Blade- element loss coefficient 
(eqs. (F37) and (F38)) 

P(L1, 11, Jl) 

h 

Blade-element static head at an 
axial calculation station 

PHIB(Ll) 

<P 

Average flow coefficient 
(eq. (F54)) 

PSIDI 


Cumulative value of integrated 
volume flow rate at blade- row- 
out let calculation station 

PSIN 


Cumulative value of integrated- 
volume-flow-rate-weighted rotor 
or stage head- rise coefficient 

PSINI 


Cumulative value of integrated- 
volume-flow-rate-weighted ideal 



head-rise coefficient 

PV(L1) 

\ 

Flowing fluid vapor pressure 

Q l 


Cumulative value of integrated 
volume flow rate at blade- row- 
inlet calculation station 

QERR1(L1, 11) 

FRCj 

Comparison of integrated and 
venturi- metered volume flow 
rates at blade- row- inlet calcu- 



lation station (eq. (F48)) 

QERR2(L1, 11) 

frc 2 

Comparison of integrated and 


Unit 


ft-lbf/lbm . 

(ft) (in. 2 ) /sec 

(ft) (in. 2 ) /sec 

(ft) (in. 2 ) /sec 

ft-lbf/lbm 

(ft)(in. 2 )/sec 
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venturi -metered volume flow 
rates at blade -row -out let calcu- 
lation station (eq. (F49)) 



FORTRAN IV 
variable 

Mathe- 

matical 

symbol 

Definition 

Unit 

R(I1, Jl) 

r 

Radius of blade-element stream 
surface from pump axis at an 
axial calculation station 

in. 

RADLE(I1, Jl) 

RLE 

Blade-element leading-edge 
radius 

in. 

RADTE(I1, Jl) 

RTE 

Blade-element trailing-edge 
radius 

in. 

REC(L1,I1, Jl) 

Re c 

Blade -chord Reynolds number 
(eq. (F19)) 


RHO(Ll) 

P 

Fluid density 

lbm/ft 3 

RHRCO(Ll, 11) 

* 

Mass-averaged rotor or stage 
head-rise coefficient (eqs. (F41) 
and (F42)) 


RHRCOI(Ll, 11) 

*i 

Mass-averaged rotor or stage 
ideal head-rise coefficient 
(eqs. (F43) and (F44)) 


RHUB(Il) 

r h 

Pump annulus inner-surface ra- 
dius from pump axis at an axial 
calculation station 

in. 

RMAE(L1, 11) 

V 

Mass- averaged rotor or stage 
hydraulic efficiency (eqs. (F45) 
and (F46)) 


RN(L1,I1, Jl) 

N 

Instantaneous value of pump 
rotor speed: equal to rotor rpm 
at each rotor-inlet calculation 
station (stator -out let calculation 
station), equal to zero at each 
stator- inlet calculation station 
(rotor- outlet calculation station) 

rpm 

RNA(L1, 11) 

N a 

Average pump rotor speed 
(eq. (F51)) 

rpm 

RNN 


Cumulative value of summation 

rpm 


of rotor speeds 
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Definition 


FORTRAN IV Mathe- 

variable matical 

symbol 


Unit 


RRT(I1, Jl) 

r/r t 

Ratio of a blade-element 
stream-surface radius to pump- 
annulus outer-surface radius at 
an axial calculation station 
(eqs. (F3) and (F4)) 


RTIP(Il) 

r t 

Pump annulus outer-surface 
radius at an axial calculation 
station 

in. 

SGMA(I1, Jl) 

a 

Blade -row solidity based on 
stream-surface radius at blade- 
row-outlet calculation station 


STRTUB(L1, 11, Jl) 

AA 

Stream-tube cross-sectional 
area at an axial calculation sta- 
tion including boundary- layer 
correction 

in. 2 ’ ‘ 

TCA(L1, 11, Jl) 

(0/c) A 

Wake momentum thickness pa- 
rameter (eqs. (F39) and (F40)) 


THTA(I1, Jl) 

CP° 

Blade camber angle: k-, - Kc, 
for rotors, Kg " Kj for stators 

deg 

TMAXC(I1, Jl) 

^max^ 

Ratio of blade-element maxi- 
mum thickness to chord length 


U1(L1, 11, Jl) 

U 1 

Blade velocity at blade- row- 
inlet calculation station (fig. 2 
and eq. (FI 3)) 

ft /sec 

U2(L1, 11, Jl) 

U 2 

Blade velocity at blade- row- 
outlet calculation station 
(fig. 2 and eq. (FI 4)) 

ft/sec 

UTIP1(L1, 11, Jl) 

U l,t 

Instantaneous value of blade - 
tip velocity at blade-row- inlet 
calculation station 

ft /sec 

UTIP2(L1, 11, Jl) 

U 2,t 

Instantaneous value of blade-tip 

ft/sec 

-v" ' ^ 


velocity at blade- row- outlet cal- 

- - - 


culation station 


46 



FORTRAN IV 

Mathe- 

Definition 

Unit 

variable 

matical 

symbol 



-UTIP1N - 


Cumulative value of summation 
of instantaneous blade-tip velo- 
cities at blade- row- inlet calcula- 
tion station 

ft/sec 

UTIP1A(L1, 11) 

U 1 t, a 

Average blade-tip velocity at 

ft/sec 



blade-row-inlet calculation sta- 
tion (eq. (F52)) 


UTIP2N 


Cumulative value of summation 

ft/sec 



of instantaneous blade-tip velo- 
cities at blade- row- outlet calcu- 
lation station 


UTIP2A(L1, 11) 

V,* 

Average blade-tip velocity at 
blade -row- out let calculation sta- 
tion (eq. (F53)) 

ft/sec 

VISK(Ll) 

V 

Fluid kinematic viscosity 

ft^/sec 

VTJ(L1, 11, Jl) 


Tangential component of absolute 
fluid velocity at an axial calcula- 
tion station (fig. 2 and eqs. (F7) 
and (F8)) 

ft/sec 

VUP1(L1, 11, Jl) 

V M 

Tangential component of relative 
fluid velocity at blade- row- inlet 
calculation station (fig. 2 and 
eq. (F15)) 

ft/sec 

VUP2(L1, 11, Jl) 

V 0,2 

Tangential component of relative 

ft/sec 



fluid velocity at blade-row-outlet 
calculation station (fig. 2 and 
eq. (F16)) 


VZ(L1,I1, Jl) 

V z 

Axial component of fluid velocity 
at an axial calculation station 
(fig. 2 and eqs. (F9) and (F10)) 

ft/sec . 

XD(L1, 11, Jl) 

D 

Blade-element diffusion factor 
(eqs. (F25) and (F26)) 


XEFF(L1, 11, Jl) 

V 

Blade-element hydraulic effi- 
ciency (eqs. (F31) and (F32)) 
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FORTRAN IV 
variable 

Mathe- 

matical 

symbol 

Definition 

XPHI1(L1, 11, Jl) 

*1 

Blade-element flow coefficient at 
blade-row-inlet calculation sta- 
tion (eqs. (F33) and (F35)) 

XPHI2(L1, 11, Jl) 

V 2 

Blade-element flow coefficient at 
blade-row-outlet calculation sta- 
tion (eqs. (F34) and (F36)) 

XPSI(L1, 11, Jl) 

* 

Blade-element head-rise coeffi- 
cient (eqs. (F27) and (F28)) 

XPSII(L1, 11, Jl) 


Blade- element ideal head- rise 
coefficient (eqs. (F29) and (F30)) 

XV(L1,I1, Jl) 

V 

Absolute axisymmetric fluid 
velocity at an axial calculation 
station (fig. 2 and eqs. (F5) and 
(F6)) 

XVP1(L1, 11, Jl) 

n 

Relative axisymmetric fluid 
velocity at blade-row-inlet cal- 
culation station (fig. 2 and 
eq. (F17)) 

XVP2(L1, 11, Jl) 

V 2 

Relative axisymmetric fluid 
velocity at blade-row- outlet 
calculation station (fig. 2 and 
eq. (F18)) 

ZCOORD(Il) 

z 

Distance between reference and 
other axial calculation stations 


ft/sec 


ft /sec 


ft/sec 


in. 



APPENDIX D 


COMPUTER INPUT FORMAT 

The computer data input format is. as follows: All the FORTRAN IV variables in- 
volved are explained in appendix C. Columns 72 to 80 were used for identification. The 
"A" and "B" notation appearing in the J1 columns (79 and 80) indicate blade-row-inlet 
and -outlet calculation stations, respectively. Sample numbers have been inserted ap- 
propriately for clarification in the coding sheet example shown in figure 13. Rotor speed 
is read in at the rotor-inlet calculation station as RN(L1, II, Jl). At the rotor-outlet cal- 
culation station, RN(L1, II, Jl) must be equal to zero if a stator is downstream of the 
rotor. 
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ASA CONFIGURATION 02 


INFORMATION CARD 2 


.4 HUB-TIP RATIO, 16 BLADES, 


INFORMATION CARD 3 


INCH TIP DIAMETER . 


.. 5-INCH CHORD. 0 . 0 1 3 - 0 . 0 20 - I NC ¥ 


INFORMATION CARD 4 


0.23 DESIGN TIP D-FACTOR, 


INFORMATION CARD 5 

DOUBLE CIRCULAR ARC BLADE PROFILE 
INFORMATION CARD 6 


0.293 DESIGN FLOW COEFFICIENT 


INFORMATION CARD 7 


NOT REPORTED. 


.020-INCH RADIAL TIP CLEARANCE. 


log el 2| 7| 
RHUB(l) • 

1 1.800 

R(l,l) 

I 4055 

THTA(1,1) 

1 6.10 

• R(l,g) 

1 4 . 2 5 

THTA( 1,2) 

I 6.40 


RTIP(l) 

| 4.5 0 

ALF1 ( 1, 1 ) 

1 7 2.4 

CMBRMX( I, 1 ) 

n 5 0.0 

ALFI(1,2) 

| 7 2.0 

CMBRMX(1,2) 
1 50. 0 


ZCOORD(l) 

| 0.0 

ALF2 ( 1 , 1 ) 

1 6 6.5 

RADLE ( 1 , 1 ) 

I 0.01~0~ 

ALF2 (l,2) 

| 65.6 

RADLE (l,2) 

T 0. 010 


NBLADE ( 1 ) 

I 1 

TMAXC (l,l) 

| 0.0 7~2~ 

RADTE (l,l) 

I 0.01~ 

TMAXC (l,2) 

| 0.075 

RADTE (l,2) 

1 0. 010 


CHORD ( l,l) 

| 1 . 50 

SGMA (l,l) 

I 0.8781 

CH0RD(1,2) 

| 1.50 

SGMA (l,2) 

1 0 ~ 8~98 8 


anglst( 1 , 1 ) 

69.35 


ANGLST (l,2) 


|02| 

K II 

0 0 

K • II J1 

0 I 

K II J1 

loir I iIbi'I 

K II J1 

in I 

K I 1 J1 


R( 1 J) ALFl( 1, J) ALF2 ( 1 , J ) TMAXC(l,j) CHORD(l,j) 

| 1-095 | 51.1 1 5.8 | 0.098 | 1.50 

THTA( 1, J ) CMBRMX(l, J) RADLE ( 1 , J ) RADTE ( 1 , J ) SGMA(l,j) 

I 4 704 0 I 50 . 0 I 0 .010 I 0.010 I 1 . 95 8 


ANGLST (1, J) 
27.5 


K II J1 

Ei l 4 A7 i 

K • II J1 

HI. I i]b 1 


RHUB(2) 

R(2,l) 


RTIP(2) 
ALF1 (2,l) 


ZC00RD(2) 
ALF2 (2,l) 


NBLADE (2) 
TMAXC (2,l) 


CHORD ( 2,1) ANGLST ( 2 , 1 ) 


Figure 13. - Example of input data coding sheet. 
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THTA(2,l) 

CMBHMX(2,l) 

RADLE(2,l) 

RADTE(2,l) 

SGMA( 2, 1 ) 

K 

11 

J 1 

R(2,J) " 

ALP1 ( 2, J ) 

ALF2(2,J) 

TMAXC ( 2, J) 

CHORD (2,'J) ' ANGLST(2,J) 

• • • . , , K 

* 11 

Jl-' 

THTA(2/J) 

CMBRMX(2, J ) 

RADLE(2,j) 

RADTE{2, J) 

SGMA(2,J). 

’ - . K 

11 

Jl' 


RHUB(l-l) 

R( 1-1,1) 
THTA( 1-1,1) 

RTIP(l-l) ZCOORD(l-l) NBLADE(T-l) 

ALFl(l-l/l) ALF2(l-i;i) TMAXC ( I - 1 , 1 ) CH0RD(l-l,l) ANGLST( 1-1, l) 

CMBRMX( 1-1, 1 ) RADLE( 1-1, 1 ) RADTE(l-l, 1 )~ SGMA( 1-1,1 ) ' 

K 11 

■ - K 11 Jl 

K 11 Jl 

;R(l-l, J) 

THTA(l-l,j) 

RHUB(l) 

ALFl(l-i;j) ALF2(l-l,j) TMAXC(l-l,j) CHORD(l-l,j) ANGLST('I-1, j) 

CMBRMX(l-l,J) RADLE(l-l,j) RADTE(l-l,j) SGMA(l-l,j) 

RTIP(I) ZCOORD(l) 

K 11 Jl 
K 11 Jl 
K . 11 

( . 1 . 800 

I 4.50 

t 0.0 

3 



0 O 

R(I,1) 

R(I,2) 

R(X,3) 



• ' ' R(I,7) • • 

K 11 ' ' 

| 4.35 

r 4. 25 

| 3.70 

1 . 3 - 15 r 

2.60 

1 2 . 05 | 1.95 

n ii □ 

R(I,8) 

GPMA(l) 

R(I,J) 
PHIB( 1 ) 

RHO(l) 

PV(1) 

VISK(l) 


K Ll ■ 

(8 602.6. 

1 0.337 

1 62.15 

1 1. 33 0 | 

9. 2 8E-61 


lo £ ii 

BETA ( 1 , 1 , 1 ) 

H(l, 1,1) 

p(i,i,i) 

STRTUB( 1,1,1) 

RN(1,1,1) 

GPM(1-,1,1) -• 

•'* K Ll 11 Jl 

r o.o - 

112 . 90 

1 77.969 

| 4.7 2 76 | 

3 8 98 . 8‘ 

|e 6 0 2 . 6 ' ■ 1 • • 


BETA (1,1,2) 

H(" 1,1,2) 

p(i,i,2) 

STRTUB(l,l,2) 

RN(1,1,2) 

GPM(1,1,2) ' 

K Ll 11 Jl 

l.o.o 

| 112.9 0 

| 7 4. 0798 

8 .“4 4 89 


i860 2. 6 | 

^■eeeeei 

BETA ( 1 , 1 , J ) 

H(l, 1, J) 

pu,i,j) 

STRUB ( 1 , 1 , J ) 

HN)1,1,J) 

GPM ( 1 , 1 , J ) 

K Ll 11 Jl 

1 0 . 0 

| 1 12 . 90 

| 6 8.817 

| 1.5860 

3898 . 8 • 

86 02 . 6 | 

|02 1 1 7| 

BETA( 1,2,1 ) 

H(l,2,l) 

F(i,2,l) 

STRUB( 1,2,1) 

RNd', 2 , 1 ) 

GPM (l,2,l) ’ 

K Ll 11 Jl 

| 2 7.7 7 4. 

172.50 

| 131.005 

I 4.7276 [ 

0 . 0 

|8602. 6 | • 

|0 2 1 2 ll 

BETA(l,2,2,; 

i H(l,2,2) 

P(l,2,2,) 

STRTUB( 1,2, 2) 

RN(1,2,2) 

GPM(1,2,2) 

K Ll 11 Jl 

| 2 1 . 83 3 

1 179.58 

| 1 29.401 

| 8. 448 9 | 

0 . 0 

|s 60 2 . 6 | 

|02 1 2 i 


BET A ( 1, 2, J ) H ( 1, 2, j) 

P(1,2,J) 

STRTUB ( 1 , 2 , J ) 

RN(1,2,J) 

GPM( 1,2, J) 

K Ll 11 Jl 

f 41 . 842 | 203. 80 

| 1 15 . 269 

1.5860 f 

0 . 0 

”[8 6 02.6 — | 

02 1 2 I) 


Figure 13. - Continued. 
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BETA (1,1,1) 
BETA (1,1,2) 

H(1,I,1) 

H(1,I,2) 

P(1,I,1) 
P( 1,1,2) 

STRTUB( 1,1,1) 
STRTCB( 1, 1, 2 ) 

RN(1,I,1) 

RN(1,I,2) 

GPM(l,I,l) 
GPM (1,1,2) 


K LI 11 
K LI 11 

J1 

J1 

BETA ( 1 , 1 , J ) 
GPMA(2) 

H(1,I,J) 

PHIB(2) 

P(1,I,J) 

KI0(2) 

STRTUB(l,I,J) 

PV(2) 

RN(1,I,J) 
VISK( 2 ) 

GPM(l,I, j) 


K LI 11 
K LI 

J1 

8313 . 7 

| 0.325 

~~| 6 2. 15 

"1 1.3 30 i 

9.28E-06 | 

1 

[ * “ 



BETA(2,l,l) 

H ( 2 , 1 , 1 ) 

P( 2,1, l) 

STRTUB( 2, l,l) 

RN(2,1,1) 

GPM(2,1, 1.) 


K LI 11 

JI 

1 0.0 

| 113. 17 

| 81.181 

| 4.7276 | 

| 3909 . 1 

|8 3 1 3 .'7 | 


□ 

beta( 2 , 1 , 2 ) 

H(2, 1, 2) 

P(2,l,2) 

STRTUB( 2, 1,2) 

RN(2,1,2) 

GPM(2,1,2) 


K LI 11 

J1 

o'. 0 

. 113.17 

76 . 630 

8 . 4489 

3 90 9. 1 

8 313.7 I 

1 


m 

BETA ( 2 , 1 , J ) 

H(2,1,J) 

. P(2,l,Jl 

STRTUB(2,1, J) 

RN(2,1,J) 

GPM(2,1,J) 


K LI 11 

ji 

0.0 . 

1 113-17 

I 7 2. 384 

1 1 . 5860 | 

[ 3909.1 ! 

18313.7. | 



■ 

BETA (2,2,l) 

H(2,2,l) 

P(2,2,l) 

STRTUB (2,2,l) 

RN(2,2,1) 

GPM(2,2,l) 


K LI 11 

ji 

| 30.-378 

191 . 00 

I 147.449 

I 4.7 276 

0.0 | 

Is 313 . 7 I 


m 

BETA (2, 2, 2) 

H(2,2,2) 

p( 2 , 2 , 2 ) 

STRTUB<2,2,2) 

RN(2,2,2) 

GPM(2,2,2) 


K LI 11 

ji 

| 2 6.444 

| 193.3 7 

| 1 43 . 7 38 

8 . 4489 

.. 0.0 

8313. 7 

1 

USEE 

m 

BETA ( 2 , 2 , J ) 

H(2,2,J) 

P(2,2,.J) 

STRTUB ( 2, 2, J ) 

RN(2,2,J) 

gpm(2 ; 2, j) 


K LI 11 

ji 

[ 43. 658 

I 20 9. 3 9 

| 12 5.7 6 9 

| 1.5860 , 

I 0.0 |8 313 . 7 | 


BEEE 

■ 

BETA (2,I,l) 
BETA (2,1,2) 

H(2,I,1) 

H(2,I,2) 

P(2, I,l) 
P(2,I,2) 

STRTUB(2,I,l) 

STRTyB(2,I,2) 

RN(2,I,1) 

RN(2,I,2) 

gpm( 2 , 1 , 1 ) 

GPM(2,I,2) 


K LI 11 
K LI 11 

JI 

JI 

BETA ( 2i, I , J ) 

H(2,I,J) 

P(2,I,J) 

STRTUB(2,I,J) 

RN(2,I,J) 

GPM(2,I,J) 


K LI 11 

JI 

GPMA(L) 

PHIB(L) 

rho(l) 

PV(L) 

VISK(L) 



K LI - 



Figure 13. - Continued. 






























't 



|67 1 2. 7 

0.262 

62.15 

1 . 330 9. 28E-6) 


BeeB 


BETA(L,1,1) 

H(L,1,1) 

P(L,1,1) 

STRTUB(L,l,l) RN(L,l,l) 

OPM(L,l,l) 

K LI 11 

J1 

| 0.0 

| 113.36 

90.967 

| 4. 7 2 76 | 3913 .6 

|6 7 12 . 7 ~] 

^'■[£19 

3 

BETA ( L, 1 , 2 ) 

H(L,1,2) 

• P(L,1,2) 

STRTUB ( L /l , 2 ) RN(L,1,2) 


K LI 11 

J1 

I o'.'o' 

113.3 6 

8 8 . 5 45 

8.4489 3913. 6 

|67 12 . 7* 


EE 

3 

beta(l, 1 , j) 

H(L.1,J) 

P(L.l.J) 

STRTUB(L,l,j) RN(L, 1 , J) 

GPM(L,1,J) 

K LI 11 

J 1 

0.0 

113 . 3 6 

90.56 4 


|67 12. 7 1 


ED 

E 

BETA(L,2,l) 

H(L,2,1) 

P(L,2,1) 

STRTUB(L,2,l) RN(L,2,l) 

0PM(L,2,1) 

K LI 11 

J1 

I 37.750 

1 248.98 

1 202 . 271 | 

! 4.7276 0.0 

6 712. 7 

[ ' M 

1 B 2 I 

□ 

BETA(L,2,2) 

H(L,2,2) 

P(L,2,2) 

STRTUB(L,2,2) RN(L,2,2) 

OPM ( L , 2 , 2 ) 

’kli 

J1 

| 3 6.04 2 

| 246.88 

196. 716 

| 8 . 4489 | 0.0 j 

6 7 12.7 

V ; :X ^ y gg 

EE 

P 

BETA(L,2,J) 

H(L.2,J) 

P(L,2,J) 

STRTUB ( L, 2, j) RN(L,2,J) 

GPM(L,2,J) 

K LI 11 

J1 j, 

| -65.283 

1 162.72 

| 160.897 | 

| 1.586 0 | 0.0 

6712.7 | 

■ BSE 

EE 

E 

BETA (L, 1,1) 

H(L,I,1) 

P(L,X,1) 

STRTUB(L,I,1) RN(L,I,1) 

GFM(L,I,1) 

K LI 11 

J1 

BETA(L,I,2) 

H(L,I,2) 

F(L,I,2) 

STRTUB(L,I,2) RN(L,I,2) 

0PM(L,I,2) 

K LI 11 

J1 

BETA(L,I,J) 


P(L,I,J) 

STRTUB(L,I,J) RN(L,I,J) 

0PM(L,I,J) 

K LI 11 

J1 


Figure D. - Concluded. 
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APPENDIX E 


LISTING OF IN PUT DATA 

All the input cards associated with the pump data presently considered are listed 
here, following a key which identifies the values listed. Instantaneous values of rotor 
speeds and volume flow rates were entered where available. In other instances, average 
values were used. 



Number of data sets 





Identification - 

line 1 





Identification - 

line 2 





Identification - 

line 3 





Identification - 

line 4 





Identification - 

line 5 





Identification - 

line 6 





Identification - 

line 7 





K L I J 






r i,h 

r M 

Z 1 

NB 



r l,rl 

K l,rl 

k 2, rl 

^max^rl 

c rl 

r rl 

<Prl 

CM rl 

RLE r i 

R TE r i 

a rl 


r l,r2 

K l, r2 

k 2, r2 

( t max/ c >r2 

C r2 

y r2 

0 

”r2 

CM . 
r2 

RLE r2 

RTE r2 

a r2 


r l,r3 

K l,r3 

k 2, r3 

^max^ c ^r3 

c r3 

y r3 

0 

S»rS 

CM r3 

RLE r3 

RTE r3 

a r3 


r l, r4 

“l,r4 

k 2, r4 

^max // °^r4 

c r4 

^r4 

<P° 4 

CM r4 

RLE r4 

RTE r4 

CT r4 


r l,r5 

K l, r5 

K 2, r5 

^max^ c ^r5 

C r5 

y r5 

0 

CM r5 

RLE r5 

RTE r5 

°r5 


r l,r6 

*1, r6 

k 2, r6 

^max^ c ^r6 

c r6 

*r6 

0 

"P r6 

CM r6 

RLE r6 

RTE r6 

a r6 


r l,r7 

K l,r7 

*2, r7 

(t max/ c ^r7 

c r7 

*r7 

0 

“M 

CM r7 

RLE r7 

RTE r7 

a r7 


r 2, h 

r 2,t 





r 2,rl 

r 2,r2 

r 2,r3 

r 2, r4 

r 2,r5 

r 2,r6 

Qv, a 


P 

h v 

V 


^l,rl 

H l, rl 

h l, rl 

AA l,rl 

N l,rl 

Qv, 1, rl 

r2 

H l, r2 

h l,r2 

A \r2 

N l, r2 

% 1 , r2 

\ r3 

H l,r3 

h l, r3 

AA 1, r3 

N l, r3 

Qv, 1, r3 

0 l,r4 

H l, r4 

h l,r4 

AA 1, r4 

N l,r4 

Q V , 1 , r 4 

^1, r5 

H l, r5 

h l,r5 

AA 1, r5 

N l,r5 

Q V , 1 , r5 

0 1, r6 

H l, r6 

h l,r6 

AA 1, r6 

N l,r6 

Q v, l,r6 

0 l,r7 

H l, r7 

h l, r7 

AA 1, r7 

N l, r7 

Q v, 1 , r7 

02, rl 

H 2, rl 

h 2, rl 

AA 2, rl 

N 2, rl 

Q v,2,rl 

^2, r2 

H 2, r2 

h 2, r2 

AA 2, r2 

N 2, r2 

2, r2 

' 3 2, r3 

H 2, r3 

h 2,r3 

AA 2, r3 

N 2, r3 

Q v,2,r3 

^2, r4 

H 2,r4 

h 2,r4 

AA 2, r4 

N 2,r4 

Q V , 2, r4 

13 2,r5 

H 2,r5 

h 2, r5 

AA 2, r5 

N 2,r5 

Q v, 2, r5 

^2, r6 

H 2,r6 

h 2,r6 

AA 2, r6 

N 2, r6 

Q v, 2, r6 

\ r7 

H 2, r7 

h 2.r7 

^2,rl 

N 2. r7 

Qv. 2. r7 


55 



Input Data 


12 

NASA CCNFIGURATICN 02 

C.4 HUE-TIP RATIO, It BLADES, 9-INCH TIP DIAMETER, ' 
1.5-INCH CFGRC, 0.013-0.020-INCH RADIAL TIP CLEARANCE, 
C.24 DESIGN TIP D-FACTCR, 

CCUELE CIRCULAR ARC ELADE PROFILE, 

C.293 DESIGN FLOW COEFFICIENT. 


NET REPORTED. 


C2 £ 2 7 







02 



1.8C0 

4.50 

0.0 

16 




02 


1 

A. 35 

72.4 

66.38 

0.072 

1.50 

69.39 


02 


1 A 1 

6.02 

50.0 

0.010 

0.010 

C.8781 



02 


1B1 

4.25 

72.0 

65.6 

C.C73 

1.50 

68.8 


02 


1 A 2 

6. 40 

5C.C 

0.010 

0.010 

C.8988 



02 


182 

3.70 

69.5 

60.5 

0.079 

1.50 

65. C 


02 


1 A3 

9.00 

5C.0 

0.010 

0.010 

1.0324 



02 


1 B 3 

3.15 

66.4 

52.4 

0.085 

1.50 

59.4 


02 


1A4 

14.00 

50.0 

0.010 

C. 010 

1.2126 



02 


1B4 

2.60 

62.4 

38.4 

0.091 

1.50 

50.4 


02 


1 A 5 

24.00 

5 C • 0 

0.010 

0.C10 

1.4691 



02 


1B5 

2.05 

55.4 

10.0 

0.097 

1 i 50 

32.7 


02 


1A6 

45.40 

50.0 

0.010 

0.010 

1.8633 



02 


1B6 

1.95 

53.53 

3.5 

0; 09 8 

1.50 

28.52 


02 


1A7 

50.03 

5 C • 0 

0.010 

0.010 

1.9588 



02 


1 B 7 

1.800 

4.50 






02 


2 

4.35 

4.25 

3.70 

3. 15 

2.60 

2.05 

1.95 

02 


2 

£602.6 

C.337 

62.15 

1.330 

9.28E-6 



02 

1 


C.O 

112.90 

77.969 

4.7276 

3858.8 

8602.6 


02 

1 

1 1 

0.0 

112.90 

74.0798 

8.4489 

3898. 8 

8602. 6 


02 

1 

1 2 

C.O 

112.90 

70.181 

12.7863 

3898. 8 

86C2.6 


02 

1 

1 3 

0.0 

112.90 

68.119 

10.8856 

3898. 8 

8602.6 


02 

1 

1 4 

0.0 

112.90 

67.718 

8.9849 

3898.8 

8602.6 


02 

1 

1 5 

0.0 

112.90 

67.365 

4.4159 

3858. 8 

86C2.6 


02 

1 

1 6 

0.0 

112.90 

68.817 

1.5860 

3898. 8 

8602.6 


02 

1 

1 7 

27.7 74 

172.50 

121.005 

4.7276 

0.0 

8602. 6 


02 

1 

2 1 

21.833 

179.58 

129.401 

8.4489 

0.0 

8602.6 


02 

1 

2 2 

20.767 

18C.14 

124.853 

12.7863 

0.0 

3602.6 


02 

1 

2 3 

25.536 

186.54 

124.481 

10.8856 

0.0 

8602. 6 


02 

1 

2 4 

30.250 

194.41 

124.167 

8. 9849 

0.0 

8602.6 


02 

1 

2 5 

38.533 

205.39 

115.840 

4.4159 

0.0 

8602.6 


02 

1 

2 6 

41.842 

203.80 

115.269 

1.5860 

0.0 

8602.6 


02 

1 

2 7 

8313.7 

C.325 

62.15 

1. 330 

9.28E-6 



02 

2 


0.0 

113.17 

81.181 

4.7276 

3909.1 

8313.7 


02 

2 

1 1 

C.O 

112. 17 

76.630 

8.4489 

3909. 1 

8313.7 


02 

2 

1 2 

0.0 

113.17 

73.223 

12.7863 

3909. 1 

8313.7 


02 

2 

1 3 

C.O 

113.17 

71.503 

10.8856 

3909. 1 

8312.7 


02 

2 

1 4 

C.O 

113.17 

71.197 

8.9849 

3909. 1 

8313.7 


02 

2 

1 5 

C.O 

112.17 

70.695 

4.4159 

3909.1 

8313.7 


02 

2 

1 6 

C.O 

113.17 

72.384 

1.5860 

3909. 1 

8313.7 


02 

2 

1 7 

30.378 

191.00 

147.449 

4.7276 

0.0 

8313. 7 


02 

2 

2 1 

26.444 

193.37 

143.738 

8.4489 

0.0 

8313.7 


02 

2 

2 2 

24.0C7 

189.58 

136.278 

12.7863 

0.0 

8313.7 


02 

2 

2 3 

26.3C7 

192.89 

134.104 

10.8856 

0.0 

8312.7 


02 

2 

2-4 

3 2.00 C 

199.66 

133.150 

' 8.9849 ' 

0.0 

8313.7 


02 

2 

2 5 

40.567 

210.01 

125.683 

4.4159 

0.0 

83 13.7 


02 

2 

2 6 

43.658 

209.39 

125.769 

1.5860 

0.0 

8313.7 


02 

2 

2 7 

8065.8 

C.315 

62.15 

1.330 

9.28E-6 



02 

3 


O.C 

112.51 

82.943 

4.7276 

3912.1 

8065.6 


02 

3 

1 1 

C.O 

112.51 

79.239 

8.44 89 

-3912.-1 

-806-5.8 


Gc 

~3- 

-1—2- 


56 



0.0 

112.51 

75.708 

12.7863 

3912. 1 
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MSA CONFIGURATION 5 

C. 8 HUB-TIP RATIO, 19 BLADES. 9-INCH TIP DIAMETER, 
1 . 5- INCH CHCRC, 0.016— INCH RADIAL TIP CLEARANCE, 
C.66 DESIGN TIP O-FACTOR, 

■ CCUBLE CIRCULAR ARC ELADE PROFILE, 

C.-V.66 CESIGN FLCW COEFFICIENT. 

REPORTED IN NASA TN C-3024. AND TN 0-3602. 
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NASA CONFIGURATION 6 

0.8 HUe-TIP RATIO* IS BLADES, S-INCH TIP DIAMETER, 
1 . 5— INCH CHCRC, 0.026-INCH RADIAL TIP CLEARANCE, 
0.66 DESIGN TIP D-FACTCR, 

DOUBLE CIRCULAR ARC BLADE PROFILE, 

C.466 DESIGN FLCW COEFFICIENT. 

NOT REPORTED. 
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NASA CONFIGURATION 8 

C.8 HUE-TIP RATIO, 19 ELADES, 5-INCH TIP DIAMETER, 
C. 834-INCH CKCRD, O.CC8-INCH RADIAL TIP CLEARANCE, 
C.66 CESIGN TIP C-FACTCR , ' 

CCUBLE CIRCULAR ARC ELADE PROFILE,".' 

0.466 CESIGN FLOW COEFFICIENT. 

NCT REPCRTEC. 


810 2 7 







8 



2*000 

2.509 

0.0 

19 




8 


1 

2*4 59 

6 6.55 

38.59 

0.07164 

0.8333 

53.57 


8 


1AL 

29.96 

50.0 

0.00556 

0.00556 

1.0203 


' 

8 


181 

2*409 

66.61 

35.08 

O.C 73 64 

0.8333 

51.845 


8 


1A2 

22.53 

5C.0 

0.00556 

0.00556 

1.0415 


' - 

8 


1B2 

2.359 

66.55 

31.50 

0.07564 

0.8333 

50.025 


8 


1 A3 

37.05 

5 C • 0 

0.00556 

0.00556 

1.0636 



8 


18 3 

2.259 

67.10 

25.25 

0. 07964 

0.8333 

46.175 

' 

8 


1A4 

41.85 

5C.0 

0.00556 

0.00556 

1.1107 



8 


18 4 

2.159 

65.45 

22.75 

0.C8364 

0.8333 

44.100 


8 


1 A 5 

42.70 

5C.0 

0.00556 

0.00556 

1.1621 



8 


185 

2.109 

64.20 

21.55 

0 • C 8564 

0.8333 

42.875 


8 


1 A 6 

42.65 

50.0 

0.00556 

0.00556 

1.1897 



8 


186 

: 2.059 

63.00 

20.00 

0. C 8764 

0.8333 

41.50 

' 

8 


1 A 7 

43.00 

50.0 

0.00556 

0.00556 

1.2186 



8 


IB 7 

2.000 

2.509 






8 


2 

2.459 

2.409 

2.359 

2.259 

2.159 

2.109 

2.059 

8 


2 

1687.6 

C. 63821 

62.192 

1.1682 9 

.28E-6 



8 

1 


o.o' 

248.30 

176i07 

0.97352 

5389.850 

1676.6 


8 

1 

1 1 

•; o.o 

257.46 

176.56 

0.75681 

5382.322 

1687.1 


8 

1 

1 2 

c.o 

265.44 

175.99 

1.1117 

5370. 106 

1676.1 


8 

1, 

1 3 

0.0 

270.51 

174.05 

1.4194 

5367.390 

1693.1 


8 

1 

1 4 

0.0 

27C.42 

171.47 f 

1. C 174 

5379.801 

1694.8 


8 

1 

1 5 

0.0 

266.89 

168.75 

0.66256 

5367.493 

1696.4 

. - V 

8 

1 

1 6 

0.0 

257.01 

168.17 

0.89413 

5362.486 

1689. 3 v 


8 

1 

1 7 

30.690 

346.63 

263.28 

1.0326 

0.0 

1676.6 


8 

1 

2 1 

27.945 

348.82 

259.57 

0.75681 

0.0 

1687.1. 


8 

L 

2 2 

27.495 

357.70 

257.03 

1.1117 

0.0 

1676.1 


8 

1 

2 3 

1 25.830 

374.22 

252.15 

1.4194 

o.o 

1693.1 


8 

1 

2 4 

24.345 

384.12 

247.66 

1.0174 

0.0 

1694.8 1 


8 

1 

2 5 

23.565 

381.82 

242.54 

0.66256 

0.0 

1696.4 

* 

8 

1 

2 6 

24.755 

371.15 

242.19 

0.94974 

0.0 

1689.3 


8 

1 

2 7 

1636.3 

C. 61704 

62.192 

1.1682 9 

I.28E-6 



8 

2 


C.O 

245.95 

180.74 

0.97352 

5369.820 

1636.9 


8 

2 

1 1 

0.0 

257.55 

180.34 

0.75681 

5392.314 

1649.9 


8 

2 

1 2 

0 . 0 

266.07 

180.09 

1.1117 

5394.881 

1634.0 


. 8 

2 

1 3 

. 0.0 

271.69 

179.21 

1.4194 

5392.749 

1630.6 


8 

2 

1 4 

0.0 

272.33 

178.95 

1.0174 

5387.238 

1628.9 


8 

2 

1 5 

O.C 

271.06 

176.48 

0.66256 

5382.482 

1628.9 


8 

2 

1 6 

0.0 

259.54 

176.23 

0.89413 

5407. 5C9 

1644.8 


8 

2 

1 7 

32.065 

356.05 

278.94 

1.0326 

0.0 

1636.9 


8 

2 

2 1 

30.600 

362.94 

277.00 ' 

0.15661 

0.0 

1649.9 


8 

2 

2 2 

31.055 

371.46 

273.83 

1.1117 

0.0 

1634.0 


8 

2 

2 3 

28.260 

39 C • 89 

271.19 

1.4194 

0.0 * 

1630.6 


8 

2 

2 4 

26.550 

4CC.50 

267.07 

1.0174 

0.0 

1628.9 


8 

2 

2 5 

26.865 

4CC.36 

266.43 

0.66256 

0.0 

1628.9 


8 

2 

2 6 

28.215 

389.63 

262.49 

0.54974 

0.0 

1644.8 


8 

2 

2 7 

1566.5 

C. 59343 

62.192 

1.1682 9 

> • 2 8 E- 6 



8. 

3 


C.O 

247.31 

186.32 

0.97352 

5365.156 

1570.4 


8 

3 

1 1 

C.O 

257.19 

186.50 

0.75681 

5355. 209 

1570.4 

J * ! . 

_8 

3- 

-1 2 

■ G.OT 

264.98 

186.31 

1.1117 

5357.478 

1573.9 


8 

3 

1 3 

O.C 

269.97 

165.37 

1.4194 

5372.455 

1569.8 


8 

3 

1 4 

0.0 

27C.78 

184.88 

1.0174 

5377.681 

1560.9 


8 

3 

1 5 

0.0 

269.15 

184.69, 

0.66256 

5359.988 

1560.3 

'*■ 

8 

3 

1 6 

. 0.0 

261.18 

163.69 . 

0.89413 

5367.493 

1559.7 


8 

3 

1 7 

35.820 

365.94 

296.50 

1.0326 

0.0 

1570.4 


1_8_ 

-3- 

2-1 

36T270~“ 

373.24 

253.32 

0.75681 

0.0 

1570.4 


8 

3 

2 2 


66 



34.920 

381.38 

290*25 

1. 1117 

O.C 

1573.9 


8 

3 . 

2 

3 

29.880 

401.40 

266.95 

1.4194 

0.0 

1565.8 


8 

3 

2 

4 

29.115 

411. 20 

283.39 

1.C174 

0.0 

1560.9 

1 

8 

3 

2 

5 

25.835 

407.54 

280.62 

0.66256 

0.0 

1560.3 


8 

3 

2 

6 

32.175 

4CC.47 

278.84 

0.94974 

0.0 

1555.7'* 


8 

3 

2 

7 

1466.5 

C. 55595 

62.192 

1.1682 9 

'.28E-6 



8 

4 



0.0 

255.65 

200.68 

0.97352 

5377.268 

1476.7 


8 

4 

1 

1 

0.0 

263.53 

2C2.49 

0.75681 

5372.341 

1475.4 


8 

4 

1 

2 

•0.0 

27C.78 

202.59 

1.1117 

5359.907 

1457.7 


8 

4 

1 

3 

0.0 

275.23 

201.48 

1.4194 

5367. 390 

1467.5 


8 

4 

1 

4 

C.O 

274.59 

199.03 

1.0174 

5367.557 

1462.8 


8 

4 

1 

5 

C.O 

272.60 

198.22 

0.66256 

5372.490 

1478.6 


8 

4 

1 

6 

C.O 

262.54 

196.80 

0.89413 

5372.501 

1463.4 


8 

4 

1 

7 

35.145 

39C.90 

319.19 

1.0326 

0.0 

1476.7 


8 

4 

2 

1 

32.220 

392.38 

317.92 

0.75681 

0.0 

1475.4 


8 

4 

2 

2 

31.320 

396.29 

3 14.94 

1.1117 

0.0 

1457.7 


8 

4 

2 

3 

30.600 

420.46 

311.03 

1.4194 

0.0 

1467.9 


8 

4 

2 

4 

32.310 

424.66 

305.18 

1.0174 

0.0 

1462.8 


8 

4 

2 

5 

33.435 

421.54 

302.56 

0.66256 

0.0 

1476.6 


8 

4 

2 

6 

35.910 

415.41 

298.30 

0.54974 

0.0 

1463.4 


8 

4- 

2 

7 

1386.0 

C. 52529 

62.192 

1.1682 9 

f . 2 8E—6 



8 

5 



C.O 

256.01 

2C8.43 

0.57352 

5367.462 

1390.0 


'8 

5 

1 

1 

0.0 

264.26 

209.16 

0.75681 

5369.957 

1388.0 


8 

5 

1 

2 

C.O 

27C.69 

2C9.41 

1. 1117 

5377.354 

1382.0 


8 

5 

1 

3 

0.0 

274.59 

207.86 

1.4194 

5364. 646 

1394.0 


8 

5 

1 

4 

C.O 

275.23 

2C6.95 

1 • C 1 7 4 

5370.244 

1352.7 


. 8 

5 

1, 

5 

0.0 

272.69 

205.62 

0.66256 

5369.992 

1388.0 


8 

5 

1 

6 

C.O 

264.35 

204.17 

0.89413 

5372.501 

1381.3 

9 

8 

5 

1 

7 

43.200 

410.00 

332.89 

1.0326 

0.0 

1350.0 

* 

8 

5 

2 

1 

37.980 

412.30 

331.60 

0.75681 

OiO 

1388.0 


8 

5 

2 

2 

35.775 

419.52 

328.90 

1.1117 

0.0 

1382.-0 


8 

5 

2 

3 

34.425 

430.72 

323.21 

1.4194 

0. 0 

1394.0 


8 

5 

2 

4 

35.325 

431.69 

317.78 

1.0174 

0.0 

1392.7 


8 

5 

2 

5 

35.955 

426.14 

314.18 

0.66256 

C.O 

1366.0 


8 

5 

2 

6 

39.015 

424.96 

311.83 

0.54974 

0.0 

1381.3 . 


8* 

5 

.2 

7 

1291.0 

C. 48861 

62.192 

1.1682 9 

I.28E-6 



- 8 

6 



C.O 

256.91 

217.83 

0.97352 

5362.360 

1251.1 


8 

6 

1 

1 

C.O 

266.16 

218.85 

0.75681 

5367.585 

1285.7 


8 

6 

1 

2 

0.0 

271.69 

218.46 

1.1117 

5370. 1C6 

1266.1 


8 

6 

1 

3 

0.0 

275.95 

218.21 

1.4194 

5372.455 

1289.0 


8 

6 

1 

4 

C.O 

275.77 

216.64 

1 * C 1 74 

5379.800 

1251.1 


8 

6 

1 

5 

0.0 

272.32 

216.18 

0.66256 

5369.592 

1292.5 


8 

6 

r 

6 

C.O 

265.62 

213.35 

0.89413 

5367.493 

1297.6 , 


8 

6 

i 

7 

49.005 

426.17 

350.01 

1.0326 

0.0 

1251.1 


8 

6 

2 

1 

43.830 

428.35 

348.53 

0.75681 

0.0 

1289.7 


8. 

6 

2 

2 

. 41.4C0 

431.75 

343.93 

1.1117 

0.0 

1286.1 


8 

6 

2 

3 

37.665 

442.07 

339.69 

1.4194 

0.0 

1289.0 


8 

6 

2 

4 

38.790 

44C.76 

332.71 

1.0174 

0.0 

1291.1 


8: 

6 

2 

5 

39.645 

438.32 

328.99 

0.66256 

0.0 

1292.5 


8 

6 

2 

6 

42.390 

434.76 

323.45 

0.54974 

0.0 

1297.6 


8 

6 

2 

7 

1205.0 

C. 45577 

62.192 

1.1682 9 

.28E-6 



8 

7 



C.O 

261.09 

225.27 

0.57352 

5380.064 

1205.7 


. 8 

7 

1 

1 

0.0 

266.98 

226.24 

C. 75681 

5359.565 

1204.9 


8 

7 

1 

2 

0.0 

272.14 

226.22 

1.1117 

5370. 106 

1154.1 


8 

7 

1 

3 

0.0 

275.32 

224.73 

1.4194 

5364.846 

1205.7 


8 

7 

1 

4 

C.O 

275.50 

223.99 

1.0174 

5375.801 

1215.7 


8 

7 

1 

5 

C.O 

273.41 

223.16 

0.66256 

5387.478 

1206.5 


8 

7 

1 

6 

o.c 

266.98 

222.83 

0.89413 

5372.501 

1202.6 


8 

7 

1 

7 

55.575 

441.68 

360.37 

1.0326 

0.0 

1205.7 


8 

7 

2 

1 

49.CC5 

441.96 

359.05 

0.75681 

0.0 

1205.9 


8 

7 

2 

2 

44.910 

443.09 

356.54 

1.1117 

0.0 

1194.1 


8 

7 

2 

3 

40.725 

446.93 

348.47 

1.4194 

0.0 

1205.7 


8 

7 

2 

4 

41.265 

447.00 

342.31 

1.C174 

0.0 

1215.7 


8 

7 

2 

5 

42.435 

444.92 

338.29 

0.66256 

0.0 

12C6.5 


8 

7 

2 

6 

45.630 

445.89 

335.79 

0.94974 

0.0 

1202.6 


8 

7 

2 

7 


67 



114C.L 

C. 43213 

62.152 

1.1682 9 

I.28E-6 


8 8 

c.o 

263.26 

230.93 

0.57352 

5362.360 

1134.4 

8 8 

0.0 

26E.C7 

231.23 

0.75681 

5377.566 

1145.0 

8 8 

0.0 

271.51 

230.98 

1.1117 

5374. 565 

U30.3 

8 8 

c.o 

275.32 

229.44 

1.4194 

5357.753 

1136.0 

8 8 

0.0 

275.32 

228.63 

1.0174 

5352.734 

11.45.8 

8 8 

0.0 

274.23 

228.62 

0.66256 

5352.493 

1145.8 

8 8 

c.o 

267.34 

226.89 

0.89413 

5357.467 

1143.3 

8 8 

59.715 

446.32 

367.61 

1.0326 

0.0 

1134.4 

8 8 

54.180 

445.63 

364.10 

0.75681 

0.0 

1145.0 

8 8 

45.545 

445.37 

360.70 

1.1117 

0.0 

1130.3 

8 8 

43.110 

448.62 

352.75 

1.4194 

0.0 

1136.0 

8 8 

42.530 

447.38 

345.78 

1.0174 

0.0 

1145.8 

8 8 

43.740 

449.10 

344.52 

0.66256 

0.0 

1145.8 

8 8 

46.665 

445.39 

340.29 

0.94974 

0.0 

1143.3 

8 8 

1075. 4 

C. 40705 

62.192 

1.1682 9 

I.28E-6 


8 9 

0.0 

264.35 

234.32 

0.57352 

5362.360 

1067.7 

8 9 

0.0 

266.34 

235.85 

0.75681 

5372.341 

1088.5 

8 9 

0.0 

271.78 

235.73 

1.1117 

5372.535 

1065.3 

8 9 

0.0 

275.59 

234.14 

1.4194 

5372.455 

1085.1 

8 9 

c.o 

275.32 

234.34 

1.0174 

5360.160 

1060.0 

8 9 

c.o 

275.05 

234.02 

0.66256 

5372.490 

1073.9 

8 9 

0.0 

266.70 

233.25 

0.89413 

5372.501 

1067.0 

8 9 

63.315 

446.58 

370.27 

1.0326 

0.0 

1087.7 

8 9 

58.545 

448.37 

368.89 

0.75681 

0.0 

1088.5 

8 9 

54.900 

445.75 

365.11 

1.1117 

0.0 

1065.3 

8 9 

46.485 

445.56 

358.55 

1.4194 

0.0 

1085.1 

8 9 

44.865 

451.65 

353.13 

1. C 174 

0.0 

1060. 0 

8 9 

45.5E5 

454.57 

350.71 

0.66256 

0.0 

1073.9 

8 9 

48.060 

455.52 

346.54 

0.54974 

0.0 

1067.0 

8 9 

1014.2 

C. 38376 

62.192 

1.1682 9 

I.28E-6 


810 

C.O 

265.62 

239.97 

0.97352 

5360.034 

1027.2 

810 

C.O 

265.43 

240.76 

0.75681 

5372.341 

10C7.1 

810 

c.o 

272.69 

240.28 

1.1117 

5362.337 

1008. 9 

810 

c.o 

275.59 

239.43 

1.4194 

5374.959 

1019.0 

810 

0.0 

276.13 

239.17 

1.0174 

5367. 557 

1016.3 

810 

0.0 

275.41 

238.47 

0.66256 

5379.584 

1014.4 

810 

c.o 

265.24 

237.25 

0.89413 

5380.0C7 

1006.2 

810 

65.C7C 

455.42 

375.71 

1.0326 

0.0 

1027.2 

810 

61.380 

453.05 

374.06 

0.75681 

0.0 

10C7.1 

810 

58.410 

447.85 

369.02 

1.1117 

0.0 

1008.9 

810 

5C.040 

447.43 

363.64 

1.4194 

0.0 

1019.0 

810 

46.125 

454.71 

358.56 

1.0174 

0.0 

1016.3 

810 

46.575 

456.81 

355.49 

0.66256 

0.0 

1014.4 

810 

48.825 

46C.61 

350.96 

0.94974 

0.0 

1006. 2 

810 

A AS A CCNFIGLR AT ION 

5 






G.8 HUE-TIP RATIO, 19 ELACES, 5-INCH TIP DIAMETER* 

0.834-INCH CFCRD, 0.C16-INCH RADIAL TIP CLEARANCE, 

C.66 CESIGN TIP D-FACTCR, 

CCUBLE CIRCULAR ARC ELADE PROFILE, 

G.466 DESIGN FLOW COEFFICIENT. 

NCT REPGRTEC. 

5 9 2 7 9 


2.000 

. 2.. 509 

-0-0 

19 


9 

2.459 

6 6.55 

38.59 

0.07164 

0.8333 

53.57 9 

25.96 

50. 0 

0.00556 

0.00556 

1.0203 

9 

2.4C5 

66.61 

35.08 

0.07364 

0.8333 

51.845 9 

33.53 

50.0 

0.00556 

0.00556 

1.0415 

9 

2.359 
ft s 

66.55 
cn n 

31.50 

0.07564 

n rncci. 

0.8333 

rv i 

50.025 9 

Q 

J I «V) J. 

2.259 



67.10 

— .-V J U 3 30- 

25.25 

U • v 

0.C7964 

— 1 • UC 50 

0.8333 

7 

46.175 9 


1 1 
1 2 
1 3 
I 4 
1 5 
1 6 

1 7 

2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 

1 1 
1 2 
1 3 
1 4 
1 5 
1 6 

1 7 

2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 

1 1 
1 2 
1 3 
1 4 
1 5 
1 6 

1 7 

2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 


1 

1 A 1 
1 B 1 
1A2 
1B2 
1 A3 
IB3 
1A4 


68 



41.65 

5C.C 

0.00556 

0.00556 

1.1107 



9 


1B4 

2.159 

65.45 

22.75 

0.08364 

0.8333 

44. IOC 


9 


1 A 5 

42.70 

50.0 

0.00556 

0.00556 

1.1621 



9 


IB 5 

2. ICS 

64.20 

21.55 

0.08564 

0.8333 

42.875 

9 


1A6 

42.65 

50.0 

0.00556 

0.00556 

1.1897 



9 


1B6 

2. 059 

63.00 

20.00 

0.08764 

0.8333 

o 

tn 

* 

rH 

>T 


9 


1A 7 

43.00 

50.0 

0.00556 

0.00556 

1.2186 



9 


IB 7 

2.000 

2.509 






9 


2 


2.45S 

2.409 

2.359 

2.259 

2.159 

2.105 

2.059 

9 


2 


1690.7 

C. 63751 

62.192 

1.1682 

9.28E-6 



9 

1 



0.0 

242.72 

175.48 

0.95716 

5392.65 

1683.2 


9 

1 

1 

1 

0.0 

256.85 

179.79 

0.75681 

5382.33 

1682.7 


9 

1 

1 

2 

c.c 

268.19 

176.27 

1.1117 

5382.26 

1686.5 


9 

1 

1 

3 

c.o 

272.63 

173.91 

1.4194 

5354.79 

1656.4 


9 

1 

1 

4 

c.o 

272.90 

172.05 

1. C 174 

5397.32 

1693.7 


9 

1 

1 

5 

0.0 

272.00 

170.84 

0.66256 

5389.99 

1653.7 


9 

1 

1 

6 

c.o 

261.92 

169.57 

0.91637 

5389.98 

1698.6 


9 

1 

1 

7 

31.505 

342.27 

261.30 

I. 0563 

0. C 

1683.2 


9 

1 

2 

1 

28.645 

351.00 

262.64 

0.75681 

0.0 

16 £ 2. 7 


9 

1 

2 

2 

27.810 

355.96 

256.56 

1.1117 

0.0 

1686.5 


9 

1 

2 

3 

24.435 

371.74 

250.22 

1.4194 

0.0 

1656.4 


9 

1 

2 

4 

22.140 

383.01 

245.33 

1.0174 

0.0 

1653.7 


9 

1 

2 

5 

22.770 

382.89 

242.34 

0.66256 

C.O 

1653.7 


9 

1 

2 

6 

25.200 

271.63 

237.87 

0.97198 

0.0 

1658.6 


9 

1 

2 

7 

1647.9 

C. 62085 

62.192 

1.1682 - 

9.28E-6 



9 

2 



0.0 

242.45 

179.37 

0.99716 

5392.65 

1645.4 


9 

2 

1 

1 

c.o 

256.94 

179.74 

0.75681 

5395.17 

1650.4 


9 

2 

1 

2 

0.0 

270.09 

181.87 

1.1117 

5385. 17 

1649.5 


9 

2 

1 

3 

c.o 

274.17 

179.77 

1.4194 

5404.93 

1646.5 


9 

2 

1 

4 

0.0 

272.18 

177.21 

1.0174 

5395.20 

1639.7 


9 

2 

1 

5 

0.0 

272.90 

176.80 

0.66256 

5392.49 

165C.4 


9 

2 

1 

6 

c.c 

266.37 

175.51 

0.91637 

5357.49 

1653.2 


9 

2 

1 

7 

32.67 C 

354.46 

273.43 

1.0563 

0.0 

1645.4 


9 

2 

2 

1 

25.61C 

262.65 

273.24 

0.75681 

0.0 

1650.4 


9 

2 

2 

2 

29.205 

371.56 

270.95 

1.1117 

o.c 

1645.9 


9 

2 

2 

3 

26.145 

385.18 

264.66 

1.4194 

0-0 

1646.5 


9 

2 

2 

4 

24.435 

292.15 

258.33 

1.0174 

0.0 

1639.7 


9 

2 

2 

5 

25.425 

391.88 

257.07 

0.66256 

0.0 

1650.4 


9 

2 

2 

6 

27.765 

281.73 

254.87 

0.57198 

0.0 

1653.2 


9 

2 

2 

7 

1575.2 

C. 59404 

62.192 

1.1682 ' 

9.28E-6 



9 

3 



c.o 

244.89 

186.97 

0.55716 

5380.07 

1572.8 


9 

3 

1 

1 

0.0 

259.03 

188.66 

0.75681 

5379.55 

1565.8 


9 

3 

1 

2 

0.0 

266.82 

188.89 

1.1117 

5394. 89 

1576.9 


9 

3 

1 

3 

c.o 

272.99 

187.47 

1.4194 

5402.39 

1575.1 


9 

3 

l 

4 

c.o 

273.72 

166.31 

1.0174 

5402. 63 

1578.0 


9 

3 

1 

5 

0.0 

272.45 

185.23 

0.66256 

5384.99 

1578.0 


9 

3 

1 

6 

c.o 

26 6.73 

164.70 

0.91637 

5380.02 

1575.7 


9 

3 

1 

7 

36.990 

366.24 

292.24 

1.C563 

O.C 

1572.8 


9 

3 

2 

1 

36.180 

374.64 

267.43 

0.75681 

0.0 

1565.8 


9 

3 

2 

2 

35.235 

386.34 

288.27 

1.1117 

0.0 

1576.9 


9 

3 

2 

3 

29.025 

396.03 

261.53 

1.4194 

0.0 

1575.1 


9 

3 

2 

4 

27.900 

405.71 

279.40 

1.0174 

0.0 

1578.0 


9 

3 

2 

5 

28.575 

402.53 

275.51 

0.66256 

0.0 

1578. C 


9 

3 

2 

6 

31.615 

392.20 

271.56 

0.57198 

0.0 

1575.7 


9 

3 

2 

7 

1460. 1 

C. 55219 

62.192 

1.1682 < 

3.28E-6 



9 

4 



0.0 

246.97 

198.80 

0.55716 

5367.49 

1461.5 


9 

4 

1 

1 

C.O 

26C.49 

199.78 

0.75681 

5372.34 

1457.1 


9 

4 

1 

2 

0.0 

269.01 

200.69 

1. 1117 

5372. 54 

1460.9 


9 

4 

1 

3 

0.0 

272.81 

L99.77 

1.4194 

5375.00 

1460.9 


9 

4 

1 

4 

0.0 

272.81 

197.93 

1.0174 

5379. 81 

1464.1 


5 

4 

1 

5 

0.0 

272.81 

196.83 

0.66256 

5377.49 

1471.0 


9 

4 

1 

6 

c.o 

269.28 

195.23 

C. 51637 

5372. 50 

1444.9 


9 

4 

1 

7 

36.315 

377.26 

315.15 

1.0563 

0.0 

1461.5 


9 

4 

2 

1 

34.200 

384.73 

312.03 

0.75681 

0.0 

1457.1 


9 

4 

2 

2 

33.210 

390.79 

3C8.49 

1.1117 

0.0 

1460.9 


9 

4 

2 

3 


69 



28.155 

413.12 

305.24 

1.4194 

0.0 

1460.9 

r 


9 

4 

2 

4 

21.545 

417.59 

299.60 

1 • C 174 

0.0 

1464.1 



9 

4 

2 

5 

33.120 

412.11 

255.79 

0.66256 

0.0 

1471.0 



9 

4 

2 

6 

* 35.555 

405.59 

292.30 ♦ 

0.97198 

0.0 

1444.9 



9. 

4 

2 

7 

1382.2 

C. 52315 

< 2. 1*52 

1.1662 

9.28E-6 




9 

5 



0.0 

251.06 

2C6.85 

0.99716 

5372.62 

1385.3 



9 

5 

1 

1 

C.O 

262.21 

2C8.C7 

0.75681 

5362. 35 

1387.3 



9 

5 

1 

2 

C.C 

265.64 

2C7.67 

1.1117 

5362.34 

1371.9 



9 

5 

1 

3 

0.0 

273.90 

207.53 

1.4194 

5362. 32 

1382.6 



9 

5 

1 

4 

C.O 

272.99 

205.40 

1.0174 

5370.25 

1387.3 



9 

5 

1 

5 

C.O 

272.90 

204.96 

0.66256 

5379.99 

1384.7 



9 

5 

1 

6 

• C.O 

27C.28 

203.79 

0.91637 

5377. 51 

1375.9 



9 

5 

1 

7 

45.615 

402.81 

329.55 

1.0563 

0.0 

1385.3 



9 

5 

2 

1 

38.340 

407.89 

325.27 

0.75681 

0.0 

138.7.3 



9 

5 

2 

2 

34.655 

416.34 

323.12 

1.1117 

0.0 

1371.9 



9 

5 

2 

3 

32.760 

427.11 

318.17 

1.4194 

0.0 

1382.6 



9 

5 

2 

4 

35*685 

420.69 

3C8.88 

1.C174 

C.O 

1387.3 



9 

5 

2 

5 

35. IOC 

42C.27 

308.63 

0.66256 

0.0 

1384.7 



9 

5 

2 

fc 

38.790 

415.56 

305.26 

C. 97198 

0.0 

1375.9 



9 

5 

2 

7 

1292.6 

C. 48861 

62.192 

1.1682 

9.28E-6 




9 

6 



0.0 

252.05 

215.00 

0.99716 

5367.49 

1293.3 



9 

6 

1 

1 

0.0 

262.20 

217.65 

0.75681 

5379.95 

1286.8 



9 

6 

1 

2 

0.0 

265.64 

2 16.96 

1. 1117 

5390.03 

1281.7 



9 

6 

1 

3 

0.0 

274 .17 

216.20 

1.4194 

5362.32 

1298.3 



9 

6 

1 

4 

C.O 

274.35 

214.92 

1.0174 

5385.11 

1256.8 



9 

6 

1 

5 

C.O 

272.81 

214.65 

0.66256 

5377.49 

1293.3 



9 

6 

1 

6 

.0.0 

27C.46 

213.07 

0.91637 

5375.01 

1298.3 



9 

6 

1 

7 

51.480 

412.22 

341.01 

1.C563 

0.0 

1293.3 



9 

6 

2 

1 

47.520 

416.10 

340.93 

0.75681 

0.0 

1286.8 



9 

6 

2 

2 

44.145 

425.75 

337.31 

1.1117 

0.0, 

1281.7 



9 

6 

2 

3 

37.395 

431.20 

330.70 

1.4194 

0.0 

1298.3 



9 

6 

2 

4 

37.710 

430.03 

325.39 

1.0174 

0.0 

1296.8 



9 

6 

2 

5 

< 36.565 

429.04 

322.64 

0.66256 

0.0 

1293.3 



9 

6 

2 

6 

41.985 

426.04 

318.66 

0.97198 

0.0 

1298.3 



9 

6 

2 

7 

1157.0 

C. 45186 

62.192 

1.1682 

9.28E-6 




9 

7 



0.0 

255.77 

224.34 

0.997165387.53 

1200.3 



9 

7 

1 

1 

C.O 

262.64 

224.68 

C. 756815375.20 

1195.7 



9 

7 

1 

2 

• 0.0 ' 

270.55 

225.29 

1.1117 

5382.26 

1202.6 



9 

7 

1 

3 

C.C 

274. C8 

224.53 

1*4 194 

5387.68 

1191.0 



9 

7 

1 

4 

C.O > 

274.17 

223.51 

;1.C174 

5382.46 

1194.1 



9 

7 

1 

5 

"0.0 

274.44 

223.27 

0.662565384.99 

1198.0 



9 

7 

1 

6 

0.0 

271.63 

222.57 

0.916375387.47 

1197.2 



9 

7 

1 

7 

55.350 

421.54 

354.48 

1.0563 

0.0 

12C0.3 



9 

7 

2 

1 

48.645 

426.59 

349.64 

0.75681 

0.0 

1195.7 



9 

7 

2 

2 

44.550 

428.81 

347.89 

1. 1117 

0.0 

1202.6 



9 

7 

2 

3 

39.465 

437.05 

342.62 

1.4194 

0.0 

1191.0 



9 

7 

2 

4 

39.780 

438.16 

336.00 . 

1.C174 

0.0 

1194.1 



9 

7 

2 

5 

4C.860 

437.58 

333.34 

0.66256 

0.0 

1198.0 



9 

7 

2 

6 

44.46C 

438.42 

329.10 

0.97198 

0.0 

1197.2 



9 

7 

2 

7 

1139.5 

C. 43047 

62.192 

1.1682 

9.2 8E-6 




9 

8 



C.C 

256.13 

223.86 

0.99716 

5385.20 

1135.2 



9 

8 

1 

1 

' C.O . 1 

265.56 

230.00 

0.75681 

5382.33 

1149.0 



9 

8 

1 

2 

0.0 

27 C .64 

229.51 

1.1117 

5382.26 

1152.2 



9 

8 

1 

3 

C.O 

272.54 

228.42 

1.4194 

5369.93 

1134.4 



9 

8 

1 

4 

0.0 

272.54 

227.42 

1.0174 

5375.03 

1131.1 



9 

8 

1 

5 

C.O 

274.44 

227.81 

0.66256 

5389.99 

1137.7 



9 

8 

1 

6 

C.O 

272.00 

227.20 

0.91637 

5375.01 

1136.8 



9 

8 

1 

7 

59.115 

435.24 

359.67 

1.0563 

0.0 

1135.2 



9 

.8 

2 

1 

5 3.4 5 C 

433.70 

356.75 

0.75681 

”^"0.0 

1149.0 



9 

8 

2 

2 

48.285 

422.26 

352.39 

1.1117 

0.0 

1152.2 



9 

8 

2 

3 

42.345 

437.86 

345.91 

1.4194 

0.0 

1134.4 



9 

8 

2 

4 

41.535 

44 C. 33 

340.32 

1 • Cl 74 

0.0 

1131.1 



9 

8 

2 

5 

42.255 

441.57 

338.20 

0.66256 

. 0.0 

1137.7 



9 

8 

2 

6 

45.63C 

441.59 

333.15 

0.97198 

0.0 

1136.8 



9 

8 

„2_ 

„7 


70 



1070*8 

C. 40472 

62.192 

1. 1682 

9.28E-6 


9 

9 



c*o 

25 € .40 

223.53 

0.99716 

5385.20 

1072.9 

9 

9 

1 

1 

c.c 

265.29 

223.80 

0.75681 

5369.96 

1071.3 

• • • 9. 

9 

1 

2 

-C.O 

270.46 

233.68 

1. 1117 

5374.97 

107C.5 

5 1 ' 9 

9 

1 

3 

sC .0 

274.35 

224.20 ** 

1.4194 

5385. 14 

10 84.2 -> 

< 9 

9 

1 

4 

c.o 

274.90 

223.96 

1.C174 

5382.46 

1 068 * 7 " 

9 

9 

1 

5 

. ,0.0 

274.90 

233.56 

0.66256 

53 74.99 

1064.4 

9 

9 

1 

6 

, c.o. 

271.73 

233.19 

0.91637 

5369.99 

1062.7 

9 

9 

1 

7 

62.100 

436.41 

360.29 * 

1.0563 

0.0 

1073.9 

9 

9 

2 

1 

57.735 

432.86 

357.68 

0.75681 

■ 0.0 

1071.3 

9 

9 

2 

2 

5 2 ..5 0 5 

430.62 

353.90 

1.1117 

0.0 

1070.5 

9 

9 

2 

3 

... 45.4 50 

436.77 

349.39 

1.4194 

'C.C 

1084.2 

9 

9 

2 

4 

43.065 

442.03 

345.79 

1.0174 

0.0 

1068.7 

9 

9 

2 

5 

i 43.655 

444.60 

342.67 , 

0.66256 

0.0 

1064.4 * 

9 

9 

2 

6 

' 46.440 

446.82 

338.49 

0.97198 

0.0 

1062.7 

9 

9 

2 

7 


I 


\ ; 

NASA CCNFIGUPfTICN 10 


• . 





■j 

C.0 HUB-TIP 

1 R ^ T 10 f 15 ELADESf 5- 

INCH TIP 

DIAMETER 






0.834-INCH 

CHCRD, 0. 

C23— INCH RADIAL TIP CLEARANCE 

f 





0.66 DESIGN 

1 TIP C-FACTCR, 








CCUELE CIRCULAR ARC 

BLADE PROFILE » 







C • 466 CESICN FLCW COEFFICIENT . 








rsCT REPCRTE C • 









1010 2 7 







10 



2.000 

2.509 

0.0 

19 




10 


1 

2.459 

66.55 

38.59 

0.07164 

0.8333 

53.57 


10 


1A1 

29.96 

5C.0 

0. CO 556 

0.00556 

1.0203 



10 


181 

2.409 

68.61 

25.08 

0. C 7364 

0.8333 

51.845 


10 


1A2 

22.53 

50.0 

0.00556 

0.. 00556 

1.0415 


j 

10 


162 

2.359 

66.55 

21.50 

0.C7564 

0.8333 

50.025 


10 


1 A3 

37.05 

50.0 

0.00556 

0.00556 

1.0636 

* 


10 


183 

2.259 

67.10 

25.25 

0. C 7564 

0.8333 

46.175 


10 


1A4 

41.85 

5C.0 

0.00556 

0.00556 

, 1.1107 



10 


v 184 

2.155 

65.45 

22.75 

0.08364 

0.8333 

44.100 


10 


1 A 5 

42.70 

5C.0 

0.00556 

0.00556 

1.1621 



10 


1B5 

2.109 

64.20 

21.55 

0*. C 8564, 

0.8333 

42.875 


10 


1A6 

42.65 

50.0 

0.00556 

0.00556* 

1.1897 



10 


,1B6 

2.C59 

62.00 

20.00 

0.087 64 

0.8333 

41.50 * 


10 


1 A 7 

43.00 

50. 0 

0.00556 

0.00556 

1.2186 



10 


IB 7 

2.000 

2.509 






10 


2 

2.459 

2.409 

2.359 

2.255 

2:i59 

2. 109 

2.059 

10 


2 

166*5.3 

C. 69242 

62.152 

1.1682 9 

.2 8E-6 



10 

,1 


■ ^0.0 

228.38 

177.16 

0.58928 

5360.03 

1653. 8 


10 

1 

1 1 

- ".C.O 

254.36 

180.02 

0.75681 

5359.97 

1662.7 


10 

1 

1 2 

C.O' 

266.64 

177.32 

1.-1117 

5385. 17 

1663.3 


10 

1 

1 3 

c.o 

271.70 

175.46 

1.4194 

5380. 07 

166C.5 


10 

1 

1 4 

c.c 

271.88 

173.95 

1.C174 

5377.68 

1670.0 


10 

1 

' 1 5 

c.o 

271.25 

172.20 

0.66256 

5384.59 

1671.6 


10 

1 

1 6 

c.o 

266.18 

170.29 

0.5C896 

5392.48 

1674.9 


10 

1 

1 7 

31.410 

225.13 

257.24 

1.0642 

' 0.0 

1653.8 


10 

1 

2 1 

29.430 

34 C .67 

254.24 

0.75681 

0.0 

1662.7 

V 

10 

1 

2 2 

28.525 

351.16 

253.20' 

1.1117 

0.0 

1663.3 


10 

1 

2 3 

23.535 

371.59 

249.36 

1.4194 

0.0 

166C.5 


10 

1 

2 4 

21.915 

382.89 

243.39 

1.C174 

o.c 

1670.0 


10 

1 

2 5 

22.550 

381. ec 

240.65 

0.66256 

0.0 

1671.6 


10 

1 

2 6 

24.930 

372.22 

228.85 

0.57939 

0.0 

1674.9 


10 

1 

2 7 

1637.9 

C. 61938 

62.192 

1.1682 5 

I.28E-6 

* 


10 

2 


' ;o.o 

241.09 

178.60 

0.98928 

5382.40 

1638.0 


10 

2 

1 1 

c.o 

256.58 

175.64 

0.75681 

5382.33 

1639.1 


10 

2 

1 2 

0.0 

268.00 

180.34 

1.1117 

5370. 11 

1621.2 


10 

2 

1 3 

0.0 

271.52 

178.14 

1.4194 

5369.92 

1628.6 


10 

2 

1 4 

0.0 

271.70 

176.64 

1.C174 

5375.03 

1644.2 


10 

2 

1 5 


71 



c.o 

271.52 

176.30 

0.66256 

5369.59 

1636.3 


10 

2 

1 

b 

C.O 5 

266.64 

173.80 

0.50896 

5372.50 

1638.0 


10 

2 

1 

7 

33.750 

343.79 

264.85 

1.C642 

0.0 

1638.0 


10 

2 

2 

1 

32. 175 

352.55 

265.13 

0.75681 

0.0 

1639. 1 


10 

2 

2 

2 

r 1.230 

356.80 

263.10 

1.1117 

0.0 

1631.2 


10 

2 

2 

3 

25.520 

376.46 

256.49 

1.4154 

0.0 

1638.6 


10 

2 

2 

4 

23.17 5 

365.33 

252.75 

1.C174 

c.o 

1644.2 


10 

2 

2 

5 

24.120 

386.45 

249.71 

0.66256 

0.0 

1636.3 


10 

2 

2 

6 

26*2 80 

374.39 

246.09 

0.57939 

0.0 

1638.0 


10 

2 

2 

7 

1574.5 

C. 59453 

62.192 

1.1682 9 

• 2 8E-6 



10 

3 



O.C 

244.52 

186.27 

0.98928 

5372.62 

1572.2 


10 

3 

1 

i 

0.0 

257.79 

166.96 

0.75681 

5377. 57 

1575.1 


10 

3 

1 

2 

O.C 

267.82 

187.91 

1.1117 

5382.26 

1571.6 


10 

3 

1 

3 

0.0 

271.25 

165.62 

1.4194 

5394.78 

1582.2 


10 

3 

1 

4 

c.o 

271.25 

183.97 

1.0174 

5375. 81 

1575.7 


10 

3 

1 

5 

c.o 

27C.80 

183.12 

0.66256 

5387.49 

1571.0 


10 

3 

1 

6 

0.0 

267.28 

181.59 

0.9C896 

5382. 52 

1573.9 


10 

3 

1 

7 

35.460 

355.34 

285.43 

1.0642 

0.0 

1572.2 


10 

3 

2 

1 

34.110 

361.73 

280.42 

0.75681 

0.0 

1575.1 

' 

10 

3 

2 

2 

34.650 

364.23 

279.40 

1.1117 

0.0 

1571.6 


10 

3 

2 

3 

30.240 

378.55 

273.25 

1.4194 

0. 0 

1562.2 


10 

3 

2 

4 

25.965 

356.19 

268.95 

1.0174 

0.0 

1575.7 


10 

3 

2 

5 

27.090 

356.17 

266.38 

0.66256 

0.0 

1571.0 


10 

3 

2 

6 

30.510 

385.24 

263.06 

0.57939 

0.0 

1573.9 


10 

3 

2 

7 

1520.2 

C. 57477 

62.192 

1.1682 9 

.28E-6 



10 

4 



0.0 

244.75 

191.03 

0.58928 

5362. 36 

1518.2 


10 

4 

1 

1 

0.0 

258.79 

193.01 

0.75681 

5375. 20 

1523.6 

- 

10 

4 

1 

2 

0.0 

267.37 

152.81 

1.1117 

5379. 83 

1521.2 


10 

4 

1 

3 

c.o 

271.34 

152.11 

1.4194 

5367.39 

1515.7 

r - 

10 

4 

1 

4 

0.0 

271.25 

190.32 

1.0174 

5375. 81 

1521.2 


10 

4 

1 

5 

c.o 

270.98 

188.48 

0.66256 

5372.49 

1515.1 


10 

4 

1 

6 

0.0 

268. 18 

187.87 

0.9C896 

5389.98 

1526.1 


10 

4 

1 

7 

34.605 

372.86 

255.63 

1.0642 

0.0 

1518.2 


10 

4 

2 

1 

31.550 

376.08 

254.11 

C* 75681 

0.0 

1523.6 


10 

4 

2 

2 

25.790 

371.47 

291.53 

1.1117 

0.0 

1521.2 


10 

4 

2 

3 

27.495 

367.17 

287.06 

1.4194 

0.0 

1515.7 


10 

4 

2 

4 

28.305 

404.59 

280.65 

1.0174 

0.0 

1521.2 


10 

4 

2 

5 

29.655 

401.62 

277.30 

0.66256 

0.0 

1515.1 


10 

4 

2 

6 

. 32.805 

393.21 

274.57 

0.57939 

0.0 

1526.1 


10 

4 

2 

7 

1464.3 

C. 55263 

62.192 

1.1682 5 

I.28E-6 



10 

5 



O.C 

247.50 

197.68 

0.98928 

5385.20 

1467.2 


10 

5 

1 

1 

- 0.0 

26C.50 

158.64 

0.75681 

5389.94 

1469.8 


10 

5 

1 

2 

c.o 

268.54 

199.22 

1.1117 

5392.46 

1464.7 


10 

5 

1 

3 

c.o 

271.70 

157*39 

1.4194 

5375.00 

1452.6 


10 

5 

1 

4 

0.0 

271.79 

155.88 

1.0174 

5392.54 

1465. 3 


10 

5 

1 

5 

0.0 

272.06 

156*10 

0.66256 

5389.99 

1467.9 


10 

5 

1 

6 

O.C 

267.55 

193.72 

0.90896 

5372. 50 

1462.8 


10 

5 

1 

7 

35.655 

386.56 

308.07 

1.C642 

0.0 

1467.2 


10 

5 

2 

1 

35.010 

391.49 

305.88 * 

0.75681 

0.0 

1469.8 


10 

5 

2 

2 

33.435 

396.27 

303.43 

1. 1117 

0.0 

1464. 7 


10 

5 

2 

3 

25.475 

401.45 

255.82 

1.4194 

0.0 

1452.6 


10 

5 

2 

4 

30.825 

412.65 

291.25 

1.0174 

0.0 

1465.3 


10 

5 

2 

5 

31.725 

410.12 

289.59 

0.66256 

0.0 

1467.9 


10 

5 

2 

6 

35.150 

35 £ • 64 

283.08 

0.57939 

* 0.0 

1462.8 


10 

5 

2 

7 

1383.0 

C. 52316 

62.192 

1. 1682 5 

I.28E-6 



10 

6 



0.0 

249.76 

205.31 

0.58928 

5374.95 

1378.6 


10 

6 

1 

1 

C.O 

26C.86 

205. 86 

0.75681 

5372.34 

1386.0 


10 

6 

1 

2 

C.O 

268 .45 

2C6.C4 

1.1117 

5364.77 

1380.0 


10 

6 

1 

3 

. c.o 

272.15 - 

205.40 

-1.4154 

5372.46 

1387.3 


10' 

6 

1 

4 

0.0 

272.15 

2C4.32 

1.0174 

5372.37 

1382.0 


10 

6 

1 

5 

0.0 

271.97 

203.25 

0.66256 

5384.99 

1392.0 


10 

6 

1 

6 

C.G 

268.72 

202.05 

0.5C896 

5367.49 

1375.3 


10 

6 

1 

7 

43.830 

392.76 

320.12 

1.0642 

0.0 

1378.6 


10 

6 

2 

1 

39.555 
3J._9_80 

398.47 
4CC.-7-8 

319.92 
-314.90 

0.75681 
l"i~ 1~1 - 1~7 

0.0 

0.0 

1386.0 
—13 80.0 



10 

10 

6 

6 

2 

2 

2 

3 


72 



34.4 7C 

4C6.97 

3C8.42 

1.4194 

0.0 

1387.3 

10 6 

2 

4 

33.480 

418.51 

304.22 

1.0174 

C.C 

1382.0 

10 6 

2 

5 

34.290 

415.97 

300.75 

0.66256 

0.0 

1392.0 

*i 10 6 

2 

6 

37.8CC 

407.67 

256.47 

Q. 57939 

0.0 

1375.3 

10 6 

2 

7 

1287.7 

C. 48743 

62.192 

1.1682 < 

9.28E-6 


10 7 



C.O 

252.47 

214.71 

0.98928 

5369.82 

1286.8 

10 7 

1 

1 

0.0 

261.95 

215.18 

0.75681 

5365.21 

1273.0 

10 7 

1 

2 

C.O 

268.72 

215.74 

1.1117 

5370.11 

1298.3 

10 7 

1 

3 

0.0 

271.88 

214.20 

1.4194 

5364. £5 

1285.7 

10 7 

1 

4 

c.c 

272.15 

213.53 

1.0174 

5372.37 

1286.1 

10 7 

1 

5 

0.0 

271.79 

2 12.57 

0.66256 

5364.99 

1284.6 

10 7 

1 

6 

C.O 

269.44 

212.06 

0.9C856 

5377.51 

1295.4 

10 7 

1 

7 

48.C6C 

407.58 

333.23 

1.0642 

0.0 

1286.8 

10 7 

2 

1 

44.235 

4C9.54 

332.21 

0.75681 

0.0 

1273.0 

10 7 

2 

2 

42.390 

411.26 

326.54 

1.1117 

0.0 

1258.3 

' 10 7 

2 

3 

38.860 

418.35 

321.33 

1.4194 

0.0 

1289.7 

10 7 

2 

4 

36.810 

423.34 

316.22 

1*0174 

0.0 

1286.1 

10 7 

2 

5 

37.125 

421. C7 

312.41 

0.66256 

0.0 

1284.6 

10 7 

2 

6 

4C.55C 

418. C5 

310.43 

0.57939 

0.0 

1295.4 

10 7 

2 

7 

1194.1 

C. 45179 

62.192 

1.1682 1 

9.28E-6 


10 8 



. C.O 

254.99 

222.64 

0.98928 

5369.82 

1193.3 

10 8 

1 

1 

0.0 

263.75 

223.95 

0.75681 

5365.96 

1154.1 

10 8 

1 

2 

C.O 

269.26 

223.65 

1.1117 

5362.34 

1158.8 

10 8 

1 

3 

C.O 

271.97 

222.10 

1.4194 

5375.00 

1195.7 

10 8 

1 

4 

C.O 

272.06 

221.48 

1.0174 

5379. 81 

1189.4 

10 8 

1 

5 

C.O 

271.97 

220.99 

0.66256 

5365.00 

1193.3 

10 8 

1 

6 

C.O 

270.25 

220.22 

C.9C896 

5380.02 

1154.1 

10 8 

1 

7 

52.615 

417.52 

341.95 

1.0642 

0.0 

1153.3 

10 8 

2 

1 

48.060 

414.15 

340.30 

0.75681 

0.0 

1154.1 

10 8 

2 

2 

45.495 

414.28 

336.94 

1.1117 

O.C 

1198.8 

10 8 

2 

3 

42.120 

415.00 

331.58 

1.4194 

0.0 

1195.7 

10 8 

2 

4 

35.69C 

423.83 

325.33 

1.0174 

0.0 

1189.4 

10 8 

2 

5 

39.465 

427.09 

322.56 

0.66256 

0.0 

1193.3 

10 8 

2 

6 

42.480 

426.94 

3 18.83 

0.57939 

0.0 

1154.1 

10 8 

2 

7 

1132.7 

C. 42791 

62.192 

1.1682 

9.28E-6 


10 9 



C.C 

253.99 

225.88 

0.58928 

5369.82 

1126.2 

10 9 

1 

1 

C.O 

264.30 

227.60 

0.75681 

5377. 57 

1149.8 

10 9 

1 

2 

0.0 

27C.16 

228.26 

1.1117 

5387. 60 

1131.9 

10 9 

1 

3 

C.O 

271.88 

226.46 

1.4194 

5382.61 

1138.5 

10 9 

1 

4 

C.O 

27 1.9 7 

225.82 

1.C174 

5377.68 

1134.4 

10 9 

1 

5 

C.O 

271.97 

225.42 

0.66256 

5379.99 

1122.1 

10 9 

1 

6 

o.c 

265.80 

224.68 

0.90896 

5385.02 

1126.2 

10 9 

1 

7 

55.800 

421.09 

344.81 

1.C642 

0.0 

1126.2 

10 9 

2 

1 

51.C75 

417.17 

343.25 

0.75681 

0.0 

1149.8 

10 9 

2 

2 

48.420 

416.86 

342.01 

1.1117 

0.0 

1131.9 

10 9 

2 

3 

44.145 

418.47 

334.84 

1.4194 

0.0 

1138.5 

10 9 

2 

4 

41.C65 

426.97 

329.95 

1.0174 

0.0 

1134.4 

10 9 

2 

5 

40.770 

426.21 

326.16 

0.66256 

0.0 

1122.1 

10 9 

2 

6 

43.335 

425.97 

322.96 

0.57939 

0.0 

1126.2 

10 9 

2 

7 

1077.2 

C. 40736 

62.192 

1.1682 

9.28E-6 


1010 



0.0 

256.34 

232.20 

0.58928 

5385.20 

10E3.4 

1010 

1 

1 

C.O 

264.66 

232.44 

0.75681 

5377.57 

107C.5 

1010 

1 

2 

C.O 

269.44 

232.18 

1.1117 

5377.40 

1081.7 

1010 

1 

3 

c.c 

272.24 

231.57 

1.4194 

5372.46 

1088.4 

1010 

1 

4 

C.O 

272.33 

230.67 

1.0174 

5379.81 

1069.6 

1010 

1 

5 

C.O 

272.15 

220.15 

Q. 66256 

5364.59 

1074.8 

1010 

1 

6 

0.0 

27C.25 

230.05 

0.9C896 

5364.55 

1077.4 

1010 

1 

7 

59.850 

426.36 

349.02 . 

1.C642 

0.0 

1083.4 

1010 

2 

1 

56.520 

420.67 

346.65 

0.75681 

0.0 

107C. 5 

1010 

2 

2 

52.920 

414.12 

340.70 

1.1117 

0.0 

1081.7 

1010 

2 

3 

46.125 

415.23 

325.53 

1.4154 

0.0 

1088.4 

1010 

2 

A 

42.435 

426.10 

232.44 

1.C174 

0.0 

1065.6 

1010 

2 

5 

41.895 

429.62 

329.51 

0.66256 

0.0 

1074.8 

1010 

2 

fc 

44.055 

432.50 

327.33 

0.57939 

C.O 

1077.4 

1010 

2 

7 


73 


MS/S CCI\FIGUR*TICN 13 ADJUSTED-SEE ERI-7790C 
C.E5 HUE-TIP RATIO, 33 BLADES, 9-INCH TIP DIAMETER, 
1.172-INCH CHORD, 0. CIO-INCH RADIAL TIP CLEARANCE, 
C.72 DESIGN TIP D-FACTCR, 

COUBLE CIRCULAR ARC BLADE PROFILE, 

0.5 CES1GN FLCVi COEFFICIENT, 

PREL IMINART. 


13 5 2 5 






1 3 A 



3.825 

4.50C 

0.0 

33 



1 3 A 


1 

4.433 

7C.30 

11.80 

C.C 5668 

1.172 

41.05 

13A 


1AI 

58.5 

5C.0 

0,00977 

O.0C977 

1.3886 


1 3 A 


1 B 1 

4.298 

65.80 

4.10 

0.C62C8 

1.172 

36.95 

13A 


1A2 

65.7 

5C.0 

0.01011 

0.C1C11 

1.4 322 


13 A 


1B2 

A. 162 

65.20 

-3.60 

C. 06752 

1.172 

32.8C 

1 3 A 


1 A3 

72.8 

50.0 

0.01045 

0. G 1045 

1.4790 


. 1 3 A 


IB 3 

4.028 

6 6.50 

-11.80 

0. C 7288 

1.172 

28.35 

13 A 


1A4 

80.3 

5C.0 

0.01075 

C.01C79 

1.5282 


13A 


184 

2.853 

67.90 

-19.70 

0.07828 

1.172 

24.10 

13A 


1A5 

87.6 

5C.0 

0.01113 

0.C1113 

1.5812 


1 3 A 


1B5 

3.825 

4.5 





13 A 


2 

4.433 

4.298 

4.162 

4.C28 

3.893 


13A 


2 

2505.63 

C. 74649 

62.284 

0.792 

9.28E-6 


13A 

1 


0.0 

435.098 

358.045 

3.6088 

2421.0 

3894.60 

13A 

1 

1 1 

o . o - 

425.021 

358.111 

3.6592 

2414.2 

3912. C8 

13 A 

1 

1 2 

c.o 

435.262 

357.158 

3.5303 

2419.0 

3914.10 

13A 

1 

1 3 

c.o 

424.860 

256.375 

3.4040 

2426.0 

3912.31 

13 A 

1 

1 4 

c.o 

424.871 

353.861 

3.2353 

2427.0 

3895.07 

13 A 

1 

1 5 

58.729 

496.55 

406.67 

3.6086 

0.0 

3894.60 

. 13 A 

1 

2 1 

45.466 

5CC.45 

4C7.21 

3.6592 

0.0 

3912.08 

13 A 

1 

2 2 

32.773 

541.83 

4C5.50 

3.5303 

0.0 

3914.10 

13 A 

1 

2 3 

22.9.85 

55C.C6 

404.04 

3.4040 

0.0 

3912.31 

13A 

1 

2 4 

38.025 

6C6.08 

406.08 

3.2353 

0.0 

3895.07 

13 A 

1 

2 5 

3756.30 

C. 72283 

62.284 

C. 800 

9.28E-6 


1 3 A 

2 


C.O 

434.731 

363.512 

3.6088 

2430.0 

3792.15 

13 A 

2 

1 1 

0.0 

435. C69 

362.761 

3.6592 

2427.0 

3785.97 

1 3 A 

2 

1 2 

c.c 

43 6 • C68 

359.596 

3.5303 

2430.5 

3819.26 

13A 

2 

1 3 

c.o 

435.049 

359.827 

3.4040 

2433.2 

379C.92 

1 3 A 

2 

1 4 

c.o 

434.867 

359.343 

3.2353 

2432.7 

3753.19 

13A 

2 

1 5 

59.247 

515. Cl 

425.98 

3.6088 

0.0 

3792.15 

L3A 

2 

2 1 

47.011 

513.70 

419.53 

3.6592 

0.0 

3785.97 

13A 

2 

2 2 

35.336 

555.55 

418.09 

3.5303 

0.0 

3819.26 

13A 

2 

2 3 

25.248 

556.82 

415.50 

3.4040 

0.0 

3750.92 

13 A 

2 

2 4 

3S.726 

611.31 

415.08 

3.2353 

0.0 

3793.19 

13A 

2 

2 5 

3655.39 

C. 65834 

62.284 

0.802 

9.28E-6 


13A 

3 


O.C 

425.016 

368.447 

3.6088 

2424.0 

3660.70 

13A 

3 

1 1 

0.0 

435.086 

367.605 ‘ 

3.6592 

2424.7 

3669.06 

13 A 

3 

1 2 

0.0 

435.074 

365.944 

3.5303 

2427.0 

3666.32 

13A 

3 

1 3 

C.O 

434.500 

367.179 

3.4040 

2417.7 

3635.91 

13A 

3 

1 4 

0.0 

425.062 

365.908 

3.2353 

2419.2 

3644.58 

13 A 

3 

1 5 

59.188 

535.14 

438.67 

3.6C88 

0.0 

3660.70 

13A 

3 

2 1 

47. 196 

527.99 

429.68 

3.6592 

0.0 

3669.06 

13 A 

3 

2 2 

35.959 

565.39 

429.48 

3.5303 

0.0 

3666.32 

13 A 

3 

2 3 

36.522 

597. Cl 

424.88 

3.4040 

0.0 

3635.91 

13A 

3 

2 4 

42.421 

61C.64 

422.70 

3.2353 

0.0 

3644.98 

13 A 

3 

2 5 

3533. C4 

C. 67629 

62.284 

C. 803 

9.28E-6 


13 A 

4 


C.O 

435.052 

373.364 

3.6088 

2413.0 

3536.78 

13 A 

4 

1 1 

0.0 

434.912 

372.084 

3.6592 

2415.2 

3536.23 

13 A 

4 

1 2 

0.0 

434.574 

371.750 

3.5303 

2413.2 

3525.00 

13 A 

4 

1 3 

c.o 

435.148 

370.345 

3.4040 

2423.0 

3532.66 

13 A 

4 

1 4 

c.o 

435.893 

369.32 1 

3.2353 

2424.5 

3532.54 

13 A 

4 

1 5 

57.631 

545.24 

451.56 

3.6088 

0.0 

3536.78 

13A 

4 

2 1 

47.511 

542.81 

443.15 

3.6592 

0.0 

3538.23 

13 A 

4 

2 2 

37.813 

574. C7 

437.66 

.3.5303 

0.0 - 

3525.00 

13A 

4 

2 3 

39. 1 C 5 

602.20 

433.85 

3.4040 

0.0 

3532.66 

13A 

4 

2 4 

44.388 

613.57 

433.73 

3.2353 

0.0 

3532.54 

1 3 A 

4 

2 5 

3399.73 

C. 64952 

62.284 

0.792 

9.28E-6 ’ 


13A 

5 


c.o 

435.103 

377.747 

3.6088 

2424.2 

3402.55 

1 3 A 

5 

1 1 

0.0 

434.904 

377.054 

3.6592 

2420.2 

3405.63 

1 3 A 

5 

1 2 

C.O 

434.826 

375.530 

3.5303 

2421.7 

3404.37 

- 13 A 

-5 

-1 — 3 

OvO 

434V565 

“3767309 

3.4040 

2423.0 

3387.90 

1 3 A 

5 

1 4 

0.0 

434.895 

373.998 

3.2353 

2423.0 

3358.19 

13A 

5 

1 5 



57.919 

562.70 

463.00 

3.6088 

0.0 

3402.55 


1 3 A 

5 

2 

1 

47.493 

555.56 

454.76 

3.6592 

0.0 

3405.63 


1 3 A 

5 

2 

2 

39.145 

561.27 

446.63 

3.5303 

0.0 

3404.37 

- 

1 3 A 

5 

2 

3 

40.662 

601.84 

444.61 

3.4040 

0.0 

3367.90 

* ’ 

1 3 A 

5 

2 

4 

46.57C 

615.72 

442.18 

3.2353 

0.0 

3358. 1-5 


1 3 A 

5 

2 

5 

3277. 65 

C. 62680 

62.284 

0.792 

9.28E-6 



1 3 A 

6 



C.O 

435.454 

382.420 

3.6088 

2426.2 

3276.97 


1 3 A 

6 

1 

1 

c.o 

435.080 

380.280 

3.6592 

2414.5 

328C.11 


13 A 

6 

1 

2 

C.O 

435. 2C9 

379.642 

3.5303 

2424.2 

3290.87 


13 A 

6 

1 

3 

0.0 

434.540 

380.081 

3.4040 

2414.0 

3265.05 


1 3 A 

6 

1 

4 

c.'o 

435.195 

378.268 

3.2353 

2422.5 

3272.26 


1 3 A 

6 

1 

5 

58.567 

575.28 

473. 73 

3.6C88 

. 0.0 

3276.97 


13 A 

.6 

2 

1 

47.857 

567.19 

463.83 

3.6592 

0.0 

328C.11 


1 3 A 

6 

2 

2 

40.955 

566.66 

458.08 
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. 5176.80 


15 

1 

1, 

3 

417.566 

3<tG» 616 

4.3769 

3017.01 

5215.81 


15 

1 

1 

4 

425.733 

340.428; 

"•4.0817 

3014.2 

5204.61 


15 

1 

1 

5, 

? 503.44 

4 3 1.17* 

- 4.6415 

3005.5 

5182.65 


15 

1 

2 

1 

? 525.43 

42 7.98. \ 

' 4.7840 

3005.7 

5179.23 


15 

1 

2 

2 

529.59 

423. 74- 

4.5804 

. 3003.2 

5176.80 


15 

1 

2 . 

3 

521.73 

42C.68 : 

. 4.3765 

3017.0 

5215.81 


15 

1 

2 

4 

527.96 

415.12. 

4.0013 

3014.2 

- 5204.61 


15 

1 

2 

5 

C. 56962 

62.32 

0. 649 

9.28E-6 



15 

2 



422.622 

358.548 

4.84 

3029.7 

4837.23 


15 

2 

1 

1 

423.117 

257.005 

4.784 

3020.0 

4324.52 


15 

2 

1 

2 

420.152 

355. 105 

4.5804 

3015.0 

4815.02 


15 

2 

1 

3 

420.107 

253.611 

4.3765 

3025.7 

4831.18 


15 

2 

1 

4 

425.429 

252.635 

4*0817 

3026.5 

4835.61 

, 

15 

2 

1 

5 

527.79 

458.43 

4.6415 

3029.7 

4837.23 


. 15 

2 

2 

1 

547.58 

453.49 

4*784 

3020.0 . 

4824.52 . 


15 

2 

2 

2 

551.42 

449.32 

4.58C4 

3015.0 

4815.02 


15 

2 

2 

3 

551. C9 

446.64 

4.3769 

3029.7 

4831.18 


15 

2 

2 

4 

549.77 

444.38 

4*0013 

3026.5 

4835.61 » 


15 

2 

2 

5 

C. 53056 

62.321 

0.6475 

9.28E-6 



15 

3 



423.98 

365. 29 

4.84 

3017.2 

4474.39 


15 

3 

1. 

1 

. 424.68 

367.455 

4.784 

3010.7 

4479.66 


15 

3 

1 

2 

421.771 

365.405 

4.58043 

3012.0 

4476.11 


15 

, 3 

1 

3 

421.786 

364.630 

4.3765 

3018.2 

4490.12. 


15 

3 

1 

4 

426.664 

364.362, 

4.0817 

3004.2 

4480.48 


15 

3 

1 

5 

544. C 

477.87 

4.6415 

3017.2 

4474.39 


15 

3 

2 

1 

56C.32 

472.11 

„ 4.7840 

3010.7 

4475.66 


15 

3 

2 

2 

561.96 

468.51 

4.5804 

3012.0 

4476.11 


15 

3' 

2 

3 

' 561.50 

464.82 

4.3769 

3018.2 

445 C. 12 


15 

3 

2 

4 

561.32 

462.35 

4.0013. , 

3004.2 

448C.48 


15 

3 

2 

5 

C. 47749 

*2.321, 

C. 6465 

9.28E-6 



15 

4 



425.414 

381.051 

4.84 

3019.2 

4048.72 


15 

4 

1. 

1 

425.996 

375.386 

4.784 

3019.5 

4037.03 


15 

4 

1 

2 

423.744 

378.202 

4.58C4 

3007.2 

4022.46 


15 

4 

1 

3 

423.348 

277.422 

4.3769 

3006.2 

4026.50 


15 

4 

1 

4 

427.410 

376.698 

4.0817 

3012.0 

4028.07 


15 

4 

1 

k 

561*35 

503.04 

,4.6415.. 

3019.2’ 

4048.72 


15 

4 

2 

1 

577.41 

497.72 

4.784 

. 3019.5 

4037.03 / 


15 

4 

2 

2 

577.77 

49 1.85 

' 4.58C4 

3007.2 

4022.46 , 


15 

4 

2 

3 

576.76 

488.42^ 

4.3765 

. 3006.2 

4026.50 


15 

4 

2 

4 

582.55 

485.92. 

,-4.0013 

3012.0 

4028.07 


15 

4 

':2r 

5 

C. 42514 

62.322 

C. 646 

9.28E-6 



. 15 

5 



425.984 

391.197 

4.84 

3014.0 

3595.25 


15 

■ ,5' 

1 

1 

427.573 

39 0. 131 

* 4.784 

3019.5 

3602.03 


15 

5' 

1 

2 

425.438 

388.808 

. 4.5804 

3016.5 

3554.24 


15 . 

5" 

1 

3 

425. C39 

388.322 

4.3765 

.3009.0 

3588.88 


15 

5 

1, 


428. C73 

388. .080 

4. 0817 : 

3024.0 

3554.02 


15 

5 

1 

5 

578.74 

523.10 

■4.6415 

. 3014.0 

3595.25’ 


, 15 

5 

2 

1 

588.55 

516.95^, i 

4.7840 

3019.5 

3602.03 


15 

5 

2 

2 

592.97 

512.5 2. . 

4. 58C4 

3016.5 ^ 

3554.24 


15 

5 

2 

3 

593.99 

506.20 

4.3765 

3009. 0‘ 

3588.88 

’ 

15 

5 

2 

4 

604.16- 

504. 10' - 

r:- 4.C013-- 

3024.0 

3594.02 

- _ 

15 

5 

2 

5 

C. 28263 

62.322 

. ,0.645 

9.28 E— 6 



15 

6 



426.392 

25 8.551 

.4.84 

3017.0 

3240.23 

* 

. 15 

‘6 

1 

1 

428. C73 

398. 104 

4.784 

3019.2 

3236.58 ’ 


15 

6 

1 

2 

426. 7C7 

357. 218 

4. 5 8C4 

3009.2 

3228.70 


15 

;6 

1 

3 

426.344 

396.035 

4.3769 

3C08.5 

3231.10 


15 

6 

1 

4 

/. 5 q a.-a n 

"3.Q C. "2 41 

4 nfti-7 

zi n 17 _7: 

ippfl /,7 


1 5 

—6- 

i 

-5- 

£ O • C'O U 

7 >'• jJ.'t iT 

: * • W OLI 


JC. C. O . *t f 


^ — 


— ^ 



78 



62. 145 

594. C5 

536. C7 

4.6415 

3017.0 

3240.23 


15 

6 

2 1 

54.751 

557.15 

528.23 

4.784 

3019.2 

3236.58 


15 

6 

2 2 

48.915 

603.5 

523.32 

4.5804 

3009.2 

3228.70 


15 

6 

2 3 

48.933 

6C8.C2 

518.26 

4.3769 

3008.5 

3231.10 


15 

6 

2 4 

52.717 

613.87 

513.26 

4.0013 

3017.7 

3228.47 


15 

6 

2 5 

2949.34 

C. 34904 

62.322 

0.643 

9.28E-6 



15 

7 


C.O 

428.370 

405.617 

4.84 

3006.0 

2943.03 


15 

7 

1 1 

C.O 

429. 183 

404. 175 

4.784 

3012.7 

2957.27 


15 

7 

1 2 

0.0 

428. C83 

403.444 

4.5804 

3018.2 

2951.81 


15 

7 

1 3 

C.O 

427.545 

402.652 

4.3769 

3022.2 

2951.05 


15 

7 

1 4 

C.O 

425.593 

402.703 

4.0817 

3013.2 

2943.53 


15 

7 

1 5 

69.43 

604.63 

540.87 

4.6415 

3006.0 

2943.03 


15 

7 

2 1 

62.159 

604.63 

532. 43 

4. 784 

3012.7 

2957.27 


15 

7 

2 2 

54.157 

605.56 

527.61 

4.5804 

3018.2 

2951.81 


15 

7 

2 3 

51.584 

617.34 

523.54 

4.3769 

3022.2 

2951.05 


15 

7 

2 4 

55.084 

618.38 

515.57 

4.0013 

3018.2 

2943.53 


15 

7 

2 5 


NASA CONFIGURATION 16 

C • 8 5 HUB-TIP PATIO, 33 BLADES, 9-INCH TIP DIAMETER, 
1 • 172— I NCH CHORD, O.C1C-INCH RADIAL TIP CLEARANCE, 

C • 7 2 DESIGN TIP D— FACTOR » 

CUBIC eLACE PROFILE, 

0.5 DESIGN FLOW COEFFICIENT, 

PRELIMINARY* 


1610 2 5 






16 


3.825 

4.500 

0.0 

33 



16 

1 

4.433 

70.30 

11.80 

0.C5668 

1.172 

41.05 

16 

1 A 1 

56.5 

58.0 

0.00977 

0.00977 

1.3886 


16 

IB 1 

4.258 

65.80 

4.10 

0. 06208 

1.172 

36.95 

16 

1A2 

65.7 

60.0 

0.01011 

0.01011 

1.4322 


16 

1B2 

4.162 

65.20 

-3.60 

0.C6752 

1.172 

32.80 

16 

1 A3 

72.8 

61.0 

0.01045 

0.01045 

1.4750 


16 

1B3 

4. 028 

66.50 

-11.80 

0.07288 

1.172 

28.35 

16 

1A4 

80.3 

63.0 

0.01C79 

G.01C79 

1.5282 


16 

1B4 

3.853 

67.90 

-19.70 

0.07828 

1.172 

24.10 

16 

1A5 

87.6 

65.0 

0.01113 

0.01113 

1.5812 


16 

1B5 

3.825 

4.500 





16 

2 

4.433 

4.298 

4.162 

4.028 

3.893 


16 

2 

2944.65 

C. 54432 

62.306 

0.709 

9.28E-6 


16 

i 

' 0.0 

431.036 

354.454 

3.6088 

2510.2 

2952.43 

16 

111 

0.0 

436.278 

393.335 

3.6592 

2506.0 

2947.20 

16 

1 1 2 

0.0 

432.862 

392.734 ' 

3.5303 

2505.2 

2949. 6C 

16 

113 

■ 0.0 

433.117 

391.650 

3.4040 

2500.2 

2937.81 

16 

114 

0.0 

422.161 

391.001 

3.2345 

2496.7 

2936.22 

16 

1 1 5 

55.228 

525.94 

445.21 

3.5046 

0.0 

2952.43 

16 

1 2 1 

48.487 

515.81 

439.66 

3.6592 

0.0 

2947.20 

16 

12 2 

43.520 

52C.55 

435.87 

3.5303 

0.0 

2949. 6C 

16 

1 2 3 

41.553 

525.10 

433.85 

3.4040 

0.0 

2937.81 

16 

1 2 4 

42.376 

544.05 

427.41 

3.1936 

0.0 

2936.22 

16 

12 5 

2857.89 

C. 53519 

62.305 

0.712 

9.28E-6 


16 

2 

0.0 

431.685 

356.320 

3.6088 

2510.7 

2854.34 

16 

2 1 1 

C.O 

436.677 

355.136 

3.6592 

2507.2 

2901.51 

16 

2 12 

0.0 

422.538 

354.037 

3.5303 

2507.2 

2891.97 

16 

2 1 3 

0.0 

433.555 

393.389 

3.4040 

2500.2 

2858.71 

16 

2 1 4 

0.0 

432.667 

392.422 

3.2345 

2504.5 

2902.92 

16 

2 1 5 

55.323 

542.65 

453.20 

3.5046 

0.0 

2894.34 

16 

2 2 1 

45.423 

527.30 

446.71 

3.6592 

0.0 

2901.51 

16 

2 2 2 

45.565 

525.26 

441.54 

3.5303 

0.0 

2891.97 

16 

2 2 3 

44.271 

540.04 

440.34 

3.4040 

0.0 

2858.71 

16 

2 2 4 

43.173 

55C.45 

441.81 

3.1936 

0.0 

2902.92 

16 

2 2 5 

2860.53 

C. 52852 

62.305 

0.712 

9.28E-6 


16 

3 

C.O 

431.184 

356.890 

3.6088 

2505.5 

2859.60 

16 

3 1 1 



c.o 

436.157 

396.376 

3.6592 

2503. 7 

2858.74 



16 

3 

1 

2 

c.o 

434.008 

395.527 

3.5203 

2505. 7 

2857. C9 



16 

3 

1 

3 

c.o 

433.495 

394.133 

3.4040 

2505.2 

2864.06 



16 

3 

1 

4 

c.c 

432.912 

393.775 

3.2345 

2506.0 

2865.26 



16 

3 

1 

c 

56.727 

546.65 

460.20 

3.5C46 

0.0 

2859.60 



16 

3 

2 

1 

5C.232 

532.83 

452.66 

3.6592 

0.0 

2858.74 



16 

3 

2 

2 

46.251 

532.93 

446.58 

3.5303 

0.0 

2857.09 



16 

3 

2 

3 

45.261 

547.95 . 

447.93 

3.4040 

0. 0 

2864.06 



16 

3 

2 

4 

44.748 

556.63 

448.21 

3.1936 

0.0 

2865.26 



16 

3 

2 

5 

2604.94 

C. 51832 

62.304 

0.718 

9.26E-6 




16 

4 



0.0 

431.519 

399.278 

3.6088 

2496.0 

2800.02. 



16 

4 

1 

1 

C.O 

435. 431 

357.793 

3.6592 

2503.0 

2803.69 



16 

4 

1 

2 

0.0 

434.148 

397.228 

3.5303 

2503.2 

2796.58 



16 

4 

1 

3 

c.o 

433.660 

396.276 

3.4040 

2510.5 

2814.07 



16 

4 

1 

4 

c.o 

432.380 

395.793 

3.2345 

2510. 0 

2810.34 



16 

4 

1 

5 

56.988 

555.69 

466.72 

3.5046 

0.0 

2800.02 



16 

4 

2 

. 1 

51.124 

54C.20 

459.28 

3.6592 

0.0 

2803.69 



16 

4 

2 

2 

47.218 

542.39 

455.44 

3.5303 

c.o 

2796.58 



16 

4 

2 

3 

46.17C 

556.24 

457.07 

3.4040 

0.0 

2814.07 



16 

4 

2 

4 

45.445 

562.51 

455.68 

3.1936 

04 0 

2810.34 


) 

16 

4 

2 

5 

2722.00 

C • 50258 

62.303 

0.722 

9.28E-6 




16 

5 



C.O 

432*179 

4C1.625 

3.6C88 

2505.5 

2719.30 



16 

5 

1 

1 

0.0 

435.986 

400.806 

3.6592 

2505.2 

2721.74 



16 

5 

1 

2 

0.0 

434.575 

399.234 

3.5303 

2508.7 

2726.86 


, 

16 

5 

1 

3 

0.0 

434.144 

358.836 

3.4040 

2504.5 

2716.00 


• „ : > 

16 

5 

1 

4 

0.0 

434.297 

358.620 

3.2345 

2509.0 

2726.08 


; * 

16 

5 

1 

5 

58.7S2 

566.73 

478.69 

3.5046 

0.0 

2719.30 



16, 

5 

2 

1 

51.772 

552.84 

473.21 

3.6592 

0.0 

2721.74 


• i - 

16 

5 

2 

2 

48.978 

552.35 

463.35 

3.5303 

0.0 

2726.86 



16 

5 

2 

3 

48.253 

564.02 

464.20 

3.4040 

0.0 

2716. CO 



16 

5 

2 

4 

47.421 

570.15 

464.65 

3.1936 

0.0 

2726.08 


r 

16 

5 

2 

5 

2654.02 

C. 49024 

62.300 

0.734 

9.28E-6 




1610 



0.0 

431.937 

402.434 

3.6088 

2518.2 

2665.75 



1610 

1 

1 

C.O 

436.267 

4C1.721 

3.6592 

2502.2 

2643.23 



1610 

1 

2 

0.0 

434.514 

401.235 

3.5303 

2502.0 

2650.26 



1610 

1 

3 

c.o 

434.701 

400.855 

3.4040 

2502.7 

2657.29 



1610 

1 

4 

0.0 

434.408 

400.047 

3.2345 

2502.5 

2653.57 



1610 

1 

5 

62.086 

566.89 

484.38 

3.5046 

0.0 

2665.75 



1610 

2 

r 

54. 144 

555.44 

478.15 

3.6592 

0.0 

2643.23 



1610 

2 

2 

50.670 

558.91 

472.38 

3.5303 

0.0 

2650.26 



1610 

2 

3 

45. 54C 

574.17 

472.76 

3.4040 

0.0 

2657.29 



1610 

2 

4 

48.065 

58C.56 

471.19 

3. 1936 

0.0 

2653.57 



1610 

2 

5 

2575.25 

C. 47564 

62.302 

C.725 

9.28E-6 




16 

6 



0.0 

432*536 

404.968 

3.6088 

2508.2 

2579.34 



16 

6 

1 

1 

0.0 

436.028 

404.481 

3.6592 

2501.7 

'2576.27 



16 

6 

1 

2 

0.0 

435.107 

403.839 

3.5303 

2508. 7 

2570.94 



16 

6 

1 

3 

c.o 

434.967 

403.702 

3.4040 

2499.5 

2568.28 



16 

6 

1 

4 

0.0 

434.910 

402.468 

3.2345 

2510.7 

2581.43 



16 

6 

1 

5 

64.057 

565.42 

488.48 

3.5046 

0.0 

2579.34 



16 

6 

2 

1 

54.841 

557.86 

483.53 

3.6592 

0.0 

2576.27 



16 

6 

2 

2 

51.691 

564.58 

478.76 

3.5303 

0.0 

2570.94 



16 

6 

2 

3 

49.738 

580.82 

477.93 

3.4040 

0.0 

2568.28 



16 

6 

2 

4 

48.433 

589.21 

476.02 

3.1936 

0.0 

2561.43 



16 

6 

2 

5 

2503.57 

C. 46231 

62.301 

0.728 

9.28E-6 




16 

7 



0.0 

432.938 

4C6.916 

3.6C68 

2509.2 

2510.07 



16 

7 

1 

1 

C.O 

436.266 

406.441 

3.6592 

2510.2 

2503. C6 



16 

7 

1 

2 

c.o 

435.274 

4C5.613 

3.5303 

2500.7 

2488.64 



16 

7 

1 

3 

0.0 

435.088 

4C5.038 

3.4040 

2507.5 

2517.40 



16 

7 

1 

4 

0. 0 

435.089 

4 04.634 - 

- 3.2345 

2503# 7 

2498.70 

. _ .. 

— 

16 

7 

1 

5 

67.873 

568.28 

454.58 

3.5046 

0.0 

2510.07 



16 

7 

2 

1 

56.272 

562.36 

486.93 

3.6592 

0.0 

2503.06 



16 

7 

2 

2 

52.385 

565.41 

486.43 

3.5303 

0.0 

2488.64 



16 

7 

2 

3 

50.917 

582.53 

478.74 

3.4040 

0.0 

2517.40 



16 

7 

2 

4 

48.865 

595.05 

480.01 

3.1936 

0.0 

2498.70 




16 

7 

2 

5 


80 





c.o 

438.516 

4C7.514 

3.6592 

2509. 5 

2457.55 

0.0 

435.630 

406.937 

3.5203 

2510.0 

2462.61 

c.c 

435.363 

4C6. 887 

3.4040 

2494.5 

2452.32 

0.0 

435.330 

4C6.458 

3.2345 

2495. 2 

2444.27 

70. 366 

56*. 62 

495 .00 

3.5046 

0.0 

2437.66 

58.842 

564.29 

490.06 

3.6592 

'0. 0 

2457.55 

53.136 

575.31 

465.66 . 

3.5303 

0.0 

2462.61 

50.962 

589.06 

463.59 

3.4040 

0.0 

2452.32 

48.672 

601.23 

483.52 

3.1936 

0.0 

2444.27 

2291.91 

C. 42302 

62.300 

C.732 

9.28E-6 


0.0 

434.803 

411.662 

3.6068 

2511.2 

2302.74 

C.C 

4 3 7.664 

411.513 

3.6592 

2511.0 

2280.02 

0.0 

437.068 

411.889 

3.5303 

2496. 7 

2255.82 

c.o 

437. C81 

410.269 

3.4040 

25C6. 5 

2312.67 

c.o 

435.902 

409.844 

3.2345 

2512. 0 

2304.32 

71.874 

58C.16, 

500.99 

3.5046 

0. 0 

2302.74 

62.456 

565.33 

491.97 

3.6592 

0.0 

2280.02 

55.849 

58C.37 

468.49 

3.5303 

0. 0 

2259. 82 

52.114 

596.10 

486.13 

3.4040 

0.0 

2312.67 

50.445 

606.73 

486.90 

3.1926 

0. 0 

2304.32 

2450.89 

0.0 

C. 45306 
433.725 

62.301 

4C8.444 

0.721 

3.60*88 

9.28E-6 
2505. 0 

2437.68 


16 3 1 2 
16 8 1 3 
16 8 1 4 

16 3 1 5 
16 8 
16 8 
■ 16 3 
16 8 
16 8 
16 9 
16 9 1 1 
16 9 1 2 
16 9 1 3 
16 9 1 9 
16 9 1 5 
16 9 2 1 
16 9 2 2 
16 9 2 3 
16 9 2 9 
16 9 2 5 
16 8 

16 8 1 1 


! 


81 


rg eg r\j c\j (\J 



APPENDIX F 


PARAMETER EQUATIONS 

The equations used in calculating parameters are presented. All symbols are de- 
fined in appendix A. The sign convention is shown in figure 14. Integrals are approxi- 
mated by finite summations. Also, in several instances, different formulae for calcu- 
lating the value of a particular parameter for a rotor, stator, or stage are required. 


v' 




Figure 14. - Sign convention for blade-element parameters. Absolute tangential component of velocity is positive (+1 in direction of 
blade velocity for stators and rotors; relative tangential component of velocity is positive (+) in direction opposite to blade velocity 
for stators and rotors. 


Blade-Element Parameter Equations 

Spanwise location as fraction of total passage height from annulus outer surface, 
FL0HIT(I1, Jl): 


FFT^ = 


r l t t " r l 

r M" r l,h 


FFT 2 = 


r 2,t " r 2 
r 2,t " r 2,h 


r Fl) 


(F2) 
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Spanwise location as fraction of tip radius, RRT(I1, Jl): 



■ r i 

RR, = — — 

.. ........ .... ; r l,t 


(F3) 

rr 2 = — 
r 2, t 


7 (F4) 

Absolute fluid velocity, XV(L1, 11, Jl): 



V 1 = V 2g c< H l - h l> 

' 

(F5) 

V 2 = V 2g c< H 2 - h 2> 


(F6) 

Tangential component of absolute fluid velocity (see fig. 
VU(L1, 11, Jl): 

14 for sign convention), 


v e, l = v i sin H 


- (F7) 

V 2 = V 2 sin $2 


(F8) 

Axial component of fluid velocity, VZ(L1, 11, Jl): 



V z, 1 = V 1 cos *1 


(F9) 

V z,2 = V 2 COS ^2 


(F10) 

Total-head rise, DELTAH(L1, 11, Jl): 


is'::.-/ 

AH = H 2 - Hj 


(FI 1) 

Static-head rise, DELTAP( LI, 11, Jl): 



. ^ = h 2 “ h l 


(F12) 

Blade velocity at blade-row inlet, U1(L1, 11, Jl): 



Uj = r 1 N7r/360. 0 


(FI 3) 
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Blade velocity at blade-row outlet, U2(L1, II, JI): 


U 2 = r 2 N7r/360. 0 


(F14) 


Tangential component, of inlet relative fluid velocity (see fig. 14 for sign convention), 
VUP1(L1, II, Jl): 


v M = u i- V 


(F15) 


Tangential component of outlet relative fluid velocity (see fig. 14 for sign convention), 
VUP2(L1, II, Jl): 


V 0,2 = U 2 - V 0,2 


Inlet relative fluid velocity, XVP1(L1, II, Jl): 


v 1=V( v m) 2 + (\i) 2 


Outlet relative fluid velocity, XVP2(L1, II, Jl): 


^=V( v mM \ 2 ) 2 


Reynolds number, REC(L1, II, Jl): 


(F16) 


(F17) 


(F18) 


Re„ = 


cV i 

12.0 v 


(F19) 


Inlet relative axisymmetric flow angle (see fig. 14 for sign convention), BETAP1(L1, II, 
Jl): 

0’ = 18 . ° . vQ . sin -1 (F20) 

1 7T Vi- 


Outlet relative axisymmetric flow angle (see fig. .14 for sign convention),. BETAP2 (Jj 1, 
II, Jl): 


180. 0 „ 4 „-l v e, 2 

Sty = sin — * — 

-ft Vo — 


(F21) 
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Incidence angle (see fig. 14 for sign convention), FNC1(L1,'I1, Jl): 


1 = Kl - kil 

Deviation angle for rotor (see fig. 14 for sign convention), DEL2(L1, II, Jl): 

6 R = ^2, R " k 2 , R 

Deviation angle for stator (see fig. 14 for sign convention), DEL2(L1, 11, Jl): 


(F22) 


(F23) 


6 S ■ k 2, s " h, s 


Diffusion factor for rotor, XD(L1, II, Jl): 


(F24) 


D R 


= j V 2,R r l,R V g, 1, R ~ r 2,R V 0, 2, R 


v; 


i, R 


CTV l,R^ r 2,R + r l, R^ 


(F25) 


Diffusion factor for stator, XD(L1, 11, Jl): 


D t V 2, S _ r 2,S V e,2,S ~ r l V 0, 1,S 


V 1,S aV l, S< r 2, S + r l, S> 

i 

Head-rise coefficient for rotor, XPSI(L1, II, Jl): 


(F26) 


. _ g c (H 2, R " H l, R^ 

R ' \2 


( U 2, t, r)^ 


Head-rise coefficient for stage, XPSI(L1,I1, Jl): 


(F27) 


f If* ^ 


^stage 


_ M H 2, S ~ H 1,R^ 

( U 2, t, r) 2 


(F28) 
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Ideal head-rise coefficient for rotor, XPSII(L1, II, Jl): i ’ 

w, _ U 2,R V e,2,R~ U 1,R V 0,1,R 

i,R ' M 

Ideal-head-rise coefficient for stage, XPSII(L1,I1, Jl): 


(F29) 


■ . u 2,R v a,i,s- u i,R v e,i,R 

i, st age /__ \ 2 


( U 2,t,R) 

Hydraulic efficiency for rotor, XEFF(L1, II, Jl): 


(F30) 


^R 


*R 




i,R 


(F31) 


Hydraulic efficiency for stage, XEFF(L1, II, Jl): 


'stage 


_ fstage 


' 


i, stage 


(F32) 


Inlet flow coefficient for rotor, XPHI1(L1, II, Jl): 


z, 1,R 
^l.R = — *-*- 


L > U 


1, t, R 


(F33) 


Outlet flow coefficient for rotor, XPHI2(L1, II, Jl): 


_ V z, 2, R 
^2, R ~ u 

2,t,R 


(F34) 


Inlet flow coefficient for stator, XPHI1(L1, II, Jl): 


z, 1,S 


u 


l,t,R 


— (E35)_ 
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Outlet flow coefficient for stator, XPHI2(L1, II, Jl): 


?2,S = „ 




l,t,R 


Total-head loss coefficient for rotor, OMEGB(Ll, II, Jl): 


“r ■ 2 »t. R - *R> 


( U 2, t, r)‘ 

Kr ) 2 

Total-head loss coefficient for stator, OMEGB(Ll, II, Jl): 


(F36) 


(F37) 


"s = -2s< 


H 2. S ' H l. S 

(\s ) 2 


Wake momentum thickness parameter for rotor, TCA(L1, II, Jl): 

cos p 

(«/0 A R - — ^ 

’ 2o r 


(F38) 


(F39) 


Wake momentum thickness parameters for stator, TCA(L1, II, Jl): 


cos /3 0 

(e/c), ~ = ^ 


'A. S 


2a c 


(F40) 


Mass-Averaged Parameter Equations 


Head-rise coefficient for rotor, RHRC0(L1,.I1): 


J1=J 

^ ^R, Jl V z, 2, R, Jl AA 2, R, Jl 

^ ^ (F41) 

K J1=J 

X V z,2,R, Jl AA 2,R,J1 
Jl-1 
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Head-rise coefficient for stage, RHRCO(Ll, II): 


* 


stage 


J1=J 

^ ^stage, Jl V z, 2, S, J1 AA 2, S, J1 

Jl=l 

J1=J 

X V z,2, S,J1 AA 2, S, J1 
Jl=l 




Ideal head-rise coefficient for rotor, RHRCOI(Ll, II): 


J1=J 

^i, R, J1 V z, 2, R, J1 ^2, R, J1 


J1=J 

y, V z, 2, R, J1 AA 2, R, J1 
Jl=l 


Ideal head- rise coefficient for stage, RHRCOI(Ll, II): 




i, stage 


J1=J 

y, \ Stage, Jl V z, 2, S, J1 AA 2, S, J1 .. 

Jl=l 

J1=J 

Yz, 2, S, J1 AA 2, S, J1 

Jl=l 


Hydraulic efficiency for rotor, RMAE(L1,I1): 




^R ” 777 


R 


%R- 


(F42) 


(F43) 


(F44) 


(F45) 
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Hydraulic efficiency for stage, RMAE(L1,11): 


- _ ^s t age 

''stage -r 

r i, stage 


Net positive suction head (rotor only), HSVB(L1, II): 


H. 


sv 


J1=J 

^ ( H l, R, J1 " h v, V z, 1, R, J1 AA 1, R, J1 

Jl=l ' 

J1=J 

Jl=l 


(F46) 


(F47) 


Integrated and venturi- metered flow-rate comparison at blade-row inlet, QERR1(L1, II): 


J1=J 


Vv zin AA. T /720^0 
Z > 1 > J1 1 » J1 y 231.0 


FRC X = 


.Jl=l 


- Q, 


v, a 


Q, 


(F48) 


v, a 


Integrated and venturi- metered flow-rate comparison at blade-row outlet, QERR2(L1, II): 


'J1=J 


Y \ 2, ji aA 2. 


frc 2 = 


.Jl = l 


- Q 


v,a 


Q, 


(F49) 


v, a 


Average Parameter Equations 


Average venturi- metered flow rate, GPMA(Ll) (calculated external to the program and 
read in): 

J1=J 

Qv, J1 

Q v> a = (F50) 
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Average rotational speed, RNA(L1, II): 


N„ = 


J1=J 

2 :% 

Jl=l 


(F51) 


Average blade-tip velocity at rotor inlet, UTIP1A(L1, II): 


U 


l,t,a 


J1=J 

S U l,t, J1 
Jl=l 


(F52) 


Average blade-tip velocity at rotor outlet, UTIP2A(L1, II): 


U 


2, t, a 


J1=J 

Zv,ji 

ji=i 


(F53) 


Average flow coefficient, PH1B(L1) (calculated external to the program and read in): 


144.0 Q, 


cp = 


v, a 


448.8,(rf >t -r2 h )o M 


(F54) 


Average ideal flow coefficient (design calculation parameter not used in computer pro- 


cp.= 


144. 0Q 


448. 8tt t - J U l t 


(F55) 
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TABLE IT. - DESIGN VELOCITY DIAGRAM PARAMETERS 


Configuration 

~rr~ 

Radius 

ratio, 

r/r t 

Inlet flow 
coeffi- 
cient, 

n 

Exit flow 
coeffi- 
cient, 

v 2 

Relative 

inlet 

flow 

angle, 

tv 

deg 

Change in 
relative 
flow 
angle, 

A/3', 

deg 

Head- rise 
coeffi- 
cient, 

* 

Ideal 

head-rise 

coeffi- 

cient, 

+i 

D- factor, 
D 

Loss 

coeffi- 

cient, 

w 

02 

1.00 

0.293 

0.293 

73.6 

2.8 

0.288 

0. 320 

0.238 

0.030 


.90 





71.9 

4.2 

.291 

.323 

.279 

.036 


.80 





69.8 

6.1 

.291 

.324 

.331 

.045 


.70 





67.2 

9.4 

.291 

.323 

. 397 

.056 


.60 





63.8 

15.1 

.288 

.320 

.479 

.072 


.50 





59.5 

27.6 

.286 

.318 

.568 

.095 


.40 





53.6 

52.9 

.288 

.316 

.591 

.129 

07 

1.00 

0.294 

0.233 

73.6 

1.8 

0.238 

0.294 

0.426 

0. 100 


.95 



.305 

72.8 

8.4 

.279 



.433 

.030 


.90 



.312 

71.9 

10.4 

.281 



. 464 

.025 


.85 



.308 

70.9 

12.5 

.280 



.505 

.032 


.80 



.297 

69.8 

14.4 

.273 

„ 


.555 

.055 


.75 



.281 

68.6 

16.8 

.263 



.615 

.090 


.70 



.254 

67.2 

19.5 

.249 



.693 

. 150 

5, 6, 8, 9, 10 

1.00 

0.466 

0.415 

65.0 

16.0 

0.438 

0.533 

0.664 

0. 1396 


.95 



.457 

63.9 

20.2 

.437 

.488 

.632 

.0906 


.90 



.499 

62.6 

24.2 

.439 

. 454 

.595 

.0291 


.85 



.479 

61.3 

25.5 

.414 

.429 

.614 

.0319 


.80 



.454 

59.8 

26.7 

. 387 

.403 

.631 

.0364 

13A, 16 

1.00 

0.500 

0.500 

63.4 

34.4 


0.723 

0.725 



.975 





62.9 

37.8 




.737 



.950 





62.2 

41.5 




.748 



.925 





61.6 

45.6 




.756 



.900 





61.0 

50.0 




.762 



.875 





60.3 

54.6 




.763 



.850 





59.5 

59.5 




.761 


14 A 

1.000* 

0.700 

0.692 

55.0 

27.8 

0.552 

0.645 

0.627 

0.125 


.975 



.696 

54.3 

30.0 

.555 



.633 ! 

.125 


.950 



.700 

53.6 

32.4 

.558 



.637 

. 125 


.925 



.704 

52.9 

35.0 

.561 



.640 

. 125 


.900 



.708 

52.1 

37.6 

.564 



.641 

. 125 

15 

1.00 

0.466 

0.425 " 

” 65. 0 "" 

” 11.2 

0. 350 

0.420 " 

0.5 56 

0. 1152 


.95 



. 448 

63.9 

13.9 

. 357 

.395 

.526 

.0690 


.90 



.473 

62.6 

17.8 

.365 

.388 

.536 

.0437 


.85 



.491 

61.3 

22.2 

.373 

.384 

.536 

.0240 


.80 - 



.... 

59.-8 

26.-5 

.371 

383 

--555 

-0266 



i 

l _: 
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TABLE III. - BLADE DESIGN PARAMETERS 


[Leading- and trailing-edge radii are radially constant at 0.010 in. , except 
configurations 8, 9. and 10 {0.0055 in.) and configurations 13A and 16 
(linear variation from 0. 0096 in. at tip to 0.0113 in. at hub)^j 


Configuration 

Radius 

ratio, 

r/r^ 

Incidence 

angle, 

i, 

deg 

Deviation 

angle, 

6, 

deg 

Camber 

angle, 

CO 0 . 

deg 

Blade. 

setting 

angle, 

7'. 

deg 

Solidity, 

a 

Ratio of 
maximum 
thickness 
to chord, 

t 'c 

max' 

02 

1.00 

0.7 

3.4 

5.4 

70.2 

0.84 

0.070 


.90 

.6 

3.8 

7.2 

67.6 

.94 

.075 


.80 

.6 

4.5 

9. 8 

64. 1 

1.05 

. 080 


.70 

.7 

5.5 

13.9 

59.4 

1.20 

.085 


.60 

.7 

7.0 

21.3 

52.5 

1.40 

.090 


.50 

1.3 

9.0 

35.2 

40.6 

1.68 

.095 


.40 

3.0 

11.6 

61.4 

20.0 

2.11 

. 100 

07 

1.00 

6.4 

4.6 

0 

67. 1 

1.01 

0.0700 


.95 

2.0 

5.4 

11.8 

64.9 

1.06 

.0725 


.90 

.9 

6.9 

16.4 

62.8 

1.12 

.0750 


.85 

.5 

7.8 

19.8 

60. 5 

!19 

.0775 


.80 

.6 

8.3 

22.1 

58.2 ; 

1.26 

.0800 


.75 

1.6 

8.8 

24. ,6 

55. 3 

1.35 

.0825 


.70 

1.2 

9.3 

27.6 

52.2 

1.44 

.0850 

5.6, 8,9,10 

1.00 

-3.5 

7.5 

27.0 

55.0 

1.00 

0.070 


.95 

-4. 8 

11.0 

35.8 

50.7 

1.05 

.075 


.90 

-5. 1 

13.7 

42.7 

46. 2 

1.11 

.080 


. 85 

-3.4 

13.8 

42.6 

43. 3 

1.18 

.085 


.80 

-1.7 

15.0 

43.4 

39.8 

1.25 

.090 

13A 

1.00 

-7.2 

13.1 

54.7 

43.2 

1.37 

0.0540 


.975 

-7. 3 

15.7 

60. 8 

39.7 

1.40 

.0578 


.950 

-7.5 

18.1 

67. 1 

36.2 

1.44 

.0618 


.925 

-7.6 

19.7 

72.8 

32. 8 

1.48 

.0660 


.900 

-7.7 

21.4 

79.0 

29. 1 

1.52 

.0707 


.875. 

-7.8 

22.5 

85.0 

25.6 

1.56 

.0757 

ft 

.850 

-8.3 

23.5 

91.3 

22.2 

1.61 

.0810 

14A 

1.000 

-8.6 

16.7 

53.3 

37.0 

1.00 

0.0700 


.975 

-8.5 

17.1 

55.7 

35.0 

1.03 

.0713 


.950 

-8.5 

17.5 

58.4 

32. 9 

1.05 

.0725 


.925 

-8.5 

.17.8 

61.2 

30.7 

1.08 

.0737 


.900 

-8.3 

18.2 

63.9 

28.4 

1.11 

.0750 

15 

1.00 

-3.5 

10.5 

25. 1 

55.9 

1.00 

0.070 


. 95 

-2.4 

9.7 

26.0 

53. 3 

1.05 

. 075 


.90 

-1.7 

9.5 

29.0 

49.8 

1.11 

.080 


.85 

-1.0 

9.1 

32.3 

46. 1 

1. 18 

.085 


.80 

.3 

8.5 

34.7 

42. 1 

1.25 

.090 

16 

1.000 

-7.2 

13.1 

54.7 

48.4 

1. 37 

0. 0540 


.975 

-7.3 

15.7 

60.8 

46.7 

1.40 

.0578 


.950 

-7.5 

18.1 

67. 1 

45.0 

1.44 

.0618 


.925 

-7.6 

19.7 

72. 8 

43.2 

1.48 

.0660 


.900 

-7.7 

21.4 

79.0 

41.2 

1.52 

.0707 


.875 

-7.8 

22.5 

85.0 

39. 1 

1.56 

.0757 


.850 

-8.3 

23.5 

91. 3 

36. 9 

1.61 

.0810 



TABLE IV. - OVERALL PERFORMANCE PARAMETERS 
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324 2 50 0,. 227623 0.250425. 0.903948 187.095 -0.027 -0. 015 3612. 178 141.850 141.850 
302220 C.25058C 0.271067 0.924421 161.134 0.008 -0.012 3602.279 141.461 141.461 
284130 0.281533 0.313286 0.398647 161.198 0.004 0.019 3602.959 141.488 141.488 
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ROTO R BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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KOTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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ROTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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TABLE V. - Concluded. BLADE-ELEMENT DATA FOR CONFIGURATION 02 
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R0T0B ROTOR ROTOR HSVB FRCl FRC2 RPM A UT1A UT2A 

PHIE1 PSIE FSIIB EFFB FT FPS FPS 

324250 0.227623 0.250425 0.908948 187.095 -0.027 -0.015 3612.178 141.850 141.850 
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ROTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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ROTOR ROTOR ROTOR HSVB FRC1 FRC2 RPMA UT1A UT2A 

PHIE1 PSIE FSIIB EFFB FT FPS FPS 

284130 0.281533 0.313286 0.898647 161.198 0.004 0.019 3602.959 141.488 141.488 
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ROTOR BLADE ELEMENT PARAMETERS 
1 INDICATES LEADING EDGE, 2 INDICATES TRAILIN 
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ROTOR ROTOR ROTOR HSVB FRC1 FP.C2 RPMA UT1A UT2 A 

PHI El PSIE PS II B ZFFB FT . FPS FPS 

404500 0.111263 0.128437 0.865950 169.114 -0.063 -0.038 3600.000 141.372 141.372 
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FOTOP BLACE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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FLOW RATE # 9 3514. GALLONS PER MINUTE 
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BOTOF ROTOR ROTOR HSVB FRC1 FRC2 RPMA UT1 A UT2A 

RHIE1 FSIE FSII3 EFFB FT FPS FPS 

250020 0.300132 0.334525 0.8971Q9 170.754 -0.042 -0.006 3600.000 141.372 141.372 
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TABLE VIH. - BLADE-ELEMENT DATA FOR CONFIGURATION 5 



FOTOR BLADE ELEMENT PARAMETERS 

^ INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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ROTOR ELAEE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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FOTOR ELACE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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ROTOR BLADE ELEMENT PARAMETERS 
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ROTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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ROTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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ROTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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TABLE XI. - Concluded. BLADE-ELEMENT DATA FOR CONFIGURATION 9 
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ROTOR BLAEE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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ROTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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ROTOF ROTOR ROTOR ' HSVB FRC1 FRC2 R PM A UT1 A UT2A 

PHIB1 FSIE PS II 3 EFFB FT FPS FPS 

746490 0.437C47 0.576877 0.757608 434.234 -0.013 -0.023 2421.440 95.090 95.090 
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ROTO B ROTOR ROTOR HSVE FRC1 FRC2 R PM A UTlA UT2A 

PHIE1 FSIE FSIIB EFF5 FT FPS FPS 

722830 0.466836 0.596611 0.785917 434.162 -0.013 -0.025 2430.660 95.453 95.453 
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ROTOR FOTOR ROTOR HSVB FRC1 FRC2 RPMA UT 1 A UT2A 

PHIE1 PSIE PSII'B 2FF3 FT F?S FPS 

698340 0.491888 0. 610765 0.805364 434.227 -0.017 -0.011 2422.520 95.132 95.132 


TABLE XIII. - Continued. BLADE-ELEMENT DATA FOR CONFIGURATION I3A 
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EOTOF ' ROTOR ROTOR HSVB FRC1 FRC2 R PMA UT 1 A UT2A 

FHIB1 PSIE FSIIB EFFB FT FPS FPS 

676290 0,518752 0.625559 0.829260 434.332 -0.015 0.002 2417.780 94.946 94.946 



ROTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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ROTO 5 ROTOR ROTOR HSVB FRC1 FRC2 RPMA UT 1 A UT2A 

PHIE1 FSIE FSIIB EFFB FT FPS F?S 

649520 0.538578 0.632527 0.851469 434.151 *0.017 0.012 2422.419 95.128 95.128 


TABLE XTII. - Continued. BLADE-ELEMENT DATA FOR CONFIGURATION 13A 
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ROTO 3 ROTOR ROTOR HS V 5 FRC1 F RC2 RPKA UT1A UT2A 

FHIE1 FSIE FSIIB EFFB FT FPS FPS 

626800 0.563620 0.647741 0.070132 434.335 -0.014 0.016 2420.290 95.044 95.044 



POTOR BLACE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING 
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RGTOR ROTOR RCTOR HSVB FRC1 FRC2 RPMA UT1A UT2A 

FHIE1. PSIE PSIIB EFF3 FT FPS FPS 

596420 0.590950 0.660805 0.894283 434.53a -0.014 0.034 2419.380 95.009 95.009 
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FOTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE f 2 INDICATES TRAILING EDGE 
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FLOW RATE # 7 29 US. GALLONS PER MINUT 
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R 0 T 0 F F 0 T 0 F. ROTOR HSVB FRC 1 FRC 2 R PH A UT 1 A UT 2 A 

FHIE 1 PSIE FSIIR EFF 3 FT FPS FPS 

349040 0.421059 0.461873 0.911634 427.911 - 0.044 - 0.104 3014.459 118.377 118.377 
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ROTOR BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EOGL, 2 INDICATES TRAILING EDGE 
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POTG 5 rOTO 2 ^OTOR HSVB FRC 1 ?RC 2 RPMA (IT 1 A UT 2 A 

PHI E 1 FSIE PSII 3 EFFE 77 FPS FPS 

5 4 <4 3 2 0 0 . 315^72 0.508550 0.6213 19 432.654 - 0.057 - 0.049 2503 . 659 93 . 318 98 . 318 
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FOTOH BLADE ELEMENT PARAMETERS 

1 INDICATES LEADING EDGE, 2 INDICATES TRAILING EDGE 
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BOTOR BOTOB ROTOR HSVB FRC 1 FRC2 RPMA UTIA UT2A 

PHI E 1 PSIE FSIIB , , . EFFB FT FPS FPS 

475640 0.458807 0.567056 0.809103 434.009 -0.061 -0.061 2505.759 98.401 98.401 
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ROTOR ROTOR ROTOR HSVB FRCl FRC2 RPMA UT1A UT2A 

PHI E 1 PSIE FSIIB EFFB FT FPS FPS 

45306C 0.487968 0.582237 0.838093 434.604 -0.059 -0.071 2503.640 98.318 98.318 
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